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PREFACE

The .stablishment of exposure stations, and the conduct of programs

of investigation relative to the durability of concrete exposed to natu-

ral weathering heve been authorized from time to time by the Office,

Chief of Engineers. The initial installation of concrete specimens at

an exposure station was made at Treat Island, Maine, in 1936 by the Con-

crete Laboratory of the Passamaquoddy Tidal Power Project. In 1939 the

Office, Chief of Engineers, authorized the Central Concrete Laboratory,

North Atlantic Division, to develop data relative to the durability of

concrete exposed to severe weathering. Under this authorization speci-

mens were prepared and installed at exposure stations in Maine, Florida,

and New York. In 1946, the Office, Chief of Engineers, directed the Con-

crete Research Division (now Concrete Technology Division, Structures
Laboratory) of the U. S. Army Engineer Waterways Experiment Station (WES)

(successor to the Central Concrete Laboratory) to continue the work in

connection with these exposure stations. Further authority is contained

in multiple letter of the Office, Chief of Engineers, dated 14 September

1948, subject, "Civil Works Investigations of Office, Chief of Engineers,"
Item CW-604-Concrete "Continuation of Permanent Exposure Stations."

Additional authorizations have been provided since that time for the

making and installing of specific specimens at these exposure stations.

Installation and testing of specimens at the Florida station was discon-

tinued in November 1971.

Results of these various investigations have been reported from

time to time in the reports listed below.
1. Corps of Engineers, Central Concrete Laboratory, Cement

Durability Program, First Interim Report, June 19VW.

2. , Concrete Research, Laboratory Studies of
Concrete Containing Air-Entraining Admixtures, Second
Interim Report, Part I, July 1945.
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3. Waterways Experiment Station, Concrete Research, Third
Interim Report, Durability of Concrete Exposed to Natural
Weathering, Technical Memorandum No. 6-226, August 1947.

4. ,_ , Concrete Research, Third Interim Report,

Supplement No. 1, Durability of Concrete Exposed to Natu-
ral Weathering, Technical M~morandum No. 6-226, June 1950.

5. ._ , Investigation of Durability of Concrete Exposed
to Natural Weathering, Report No. 5, Su=ma of Results

1936-1953, Technical Memorandum No. 6-226, May 1954.

6. .__ __ Cement Durability Program, Long-Term Field
Exposure of Concrete Columns, Technical Report C-72-2,
August 1972.

7. Roshore, E. C. and Houston, B. J, Investigation of Plastic
and Rubber-Based Coatings Used in Lieu of Rubbed Finishes
on Formed Concrete Surfaces, sponsored by the Assistant
Secretary of the Army (R&D), Department of the Army;
Miscellaneous Paper No. 6-864, November 1966.

8. Houston, B. J., Investigation of Nonmetallic Waterstops;
Preliminary Laboratory and Field Exposure Tests, sponsored
by Office, Chief of Engineers, U. S. Army; Technical Report
No. 6-546, Report No. 1, May 1960.

9. _________Investigation of Nonmetallic Waterstops;J--Progress Report of Laboratory and Field Exposure Tests,
( sponsored by Office, Chief of Engineers, U. S. Army;

Technical Report No. 6-5116, Report No. 3, June 3963.

10. Investigation of Nonmetallic Waterstops
Effect of Exposure, sponsored by Office, Chief of
Engineers, U. S. Army; Technical Report No. 6-5h6,
Report No. 6, January 1968.

. Kennedy, T. B., Tensile Crack Exposure Tests, CWI Item
No. 026, Tensile Crack Exposure Test for Reinforced Con-
crete Beams, Technical Memorandum No. 6-412, U. S. Army 7
Engineer Waterways Experiment Station, CE, July 1955.

12. Roshore, E. C., Durability and Behavior of Prestressed
Concrete Beams, Pretensioned Concrete Investigation;
Progress to July 1960. Technical Report No. 6-570, Re-port 1, June 1961.

13. , Tensile Crack Exposure Tests; Results of Tests
of Reinforced Concrete Beams, Technical Memorandum
No. 6-412, Report 2, November 1964. 1

iv
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14. Roshore, E. C. Durability and Behavior of Prestressed

Concrete Beams; Posttensioned Concrete Investigation,
Progress to July 1966, Technical Report No. 6-570, Re-
port No. 6-570, Report 2, March 1967.

15. , Field Exposure Tests of Reinforced Concrete

Beams, Miscellaneous Paper No. 6-868, January 1967.

16. , Durability and Behavior of Prestressed Con-

crete Beams; Laboratory Tests of Weathered Pretensioned
Beams, Technical Report No. 6-570, Report 3, October 1971.

17. 0'Neil, E. F., Durability and Behavior of Prestressed
Concrete Beams; Posttensioned Concrete Beam Investiga-
tion with Laboratory Tests from June 1961 to September
1975, Technical Report No. 6-570, Report 4, February 1977.

13. _Durability and Behavior of Prestressed Con-

crete Beams; Laboratory Tests of Weathered Pretensioned
Beams, Technical Report No. 6-570, Report 5, June 1976.

This report summarizes all investigations made to date, and is
~issued in loose-leaf form in order that it may be kept up to date by

the addition of new material or revision of old material, as appropri-

ate. The report is made up of two volumes: Volume 1 (this volume)

summarizes the test results of investigations which are still active,

and Volume 2 summarizes the findings of completed investigations.

The major part of the work reported herein and the preparation of -W

this report constitute part of Civil Works Research Work Unit 31132,

"Field Exposure Durability Studies of Concrete." The studies were made

by the Concrete Technology Division, Structures Laboratory, Waterways

Experiment Station. Personnel actively engaged in the direction and

conduct of the work include Ms. K. Mather, Messrs. B. Mather, J. M.

Scanlon, B. R. Sullivan, R. V. Tye, Jr., E. E. McCoy, E. C. Roshore,

H. T. Thornton, R. E. Black, D. Glass, D. Wilson, and G. S. Harris.

Mr. Thornton prepared this distribution.

During the preparation of this report COL Edmund H. Lang, CE,

was Director of the Waterways Experiment Station, and Mr. J. B. Tiffany i 1

was Technical Director. During the preparation of this distribution of

the Supplements, Corrections, and Revisions, COL John L. Cannon and

v
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COL Nelson P. Conover, CE, served as Commanders and Directors and

Mr. F. R. Brown was Technical Director.

A vi
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CONVERSION FACTORS, INCH-POUND TO
IMETRIC (SI) UNITS OF MESUREMENT

1 inch = 25.4 millimetres

i - 1 foot = 0.3048 metre

37OF = 2.80C

-10OF = -23.40C

28OF = -2.2 0 C

70OF = 21.1 0 C

1 lb =.0.453592 kilogram
1 bag of cement = 94 lb of cement 42.637648 kilograms of cement

1 cu yd = 0.764555 cubic metre

1 gal (U. S.) = 3785.412 cubic centimetres

1 gal (U. S.) = 3.785412 cubic decimetres

1 cu ft = 0.028317 cubic metre

1 ton = 2000 lb= 907.184 kilogramsV -1 psi = 0.006894757 megapascals

1 fps = 0.3048 metre/second

1 lb/cu ft = 16.018477 kilograms/cubic metre

1 bag/cu yd = 55.767928 kilograms/cubic metre

1 gal/bag = 88.781398 cubic centimetres/kilogram

3-1/2 by 4-1/2 by 16 in. = approximately 90 by 115 by 410 millimetres

6 by 6 by 30 in. = approximately 150 by 150 by 760 millimetres

6 by 6 by 48 in. = approximately 150 by 150 by 1220 millimetres

18 by 18 by 36 in. = approximately 460 by 460 by 910 millimetres

ix
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Table 1

Rlecpitulation of Specimens Exosed at Treat Island. Mine.

specimens Section
location 5o. No. Date 31o. in

Section Raw ProA~am of investiatios Sie sAd rind Installed left Installed This Vol
Z each 2 Tensile Crack Specimens. Series A 7-ft-9-in.-ong ben 2 0 Nov 1951 1

lesch x Tensile crack specimens. Series B 7-ft-9-in.-long berns 76 75 say 1952. 2
Pack 9 Stewart Field Spheres 1-ft spheres 24. 12 May 1951 3

Beech 2 Cernnt-Seplcmt I Mterials 18- by 18- by 36 -in. prisms 21 6 Dec 1953 11

Dwsi~in hs ech 2 Prestressed Concrete Program 4-1/2- by 9- by 81-in. ber 16 0 Oct 1958 6
Sack 3 Prestressed Concrete Program 3-1/2- by 4-2/2- by 16-in. beam 12 57 Oct 1958 6
leech 2 Prestressed Concrete program 10- by 16- by 96-in. ber 20 12 June 1961 6
lack 11 Cement-epac I Materisa 10- by 20-In, cores 75 21 Oct 1958 8

Investigation, tese D

leach 1 Cement-.Spscrnent Materisls 2-ft cubes 20 11 Oct 1958 8
Back 8 Pssamauoddy Project 5- by 5- by 60-in. colmas 413 1 June 1936 9
Pack 5 Missouri River Division Props.m 3-1/2- by 11-1/2- by 16-in. be1 12 5 Sept 1963 10
Back 5 Missouri River Division Props.m 3- by 4-1/2- by 16-in. beam 3 2 No? 1965 10
pack 5 Portland lst-Puiiace Slag 3-1/2- by 1-1/2- by 16-in. beam 108 66 May 1956 n

Cement Investiowtion
heck 3 specimen Size-Frost Mfects 3-2/2- by 4-/2- by 1&1in. beams 9 9 Dec 1968 32

Investigat
heck 2 6-by 6- by o-in.be1 3 3 Deec1968 12
Pack 3 12-ft cubes 3 3 Dec 1968 12
Pack 2 Is 18by18- by 36-in. prima 3 3 Dec 1968 12
heck 3 TrumbO Pond DnPrim 18- by 18- by 36-in. prim 6 6 June 1972 13
Black 2 Investigation of 1-,1/2-in.. 18- by 18- by 36-in, prism 12 5 Dec 1968 A1

Aggreoste Concrete
Plack 3 longtime Stisdr, iaterweys 3-1/2- by 1-1/2- b~y 16-in. bem 198 196 my 1955 17

laperiment, Station
Pack 11 mt. Morris Decores l0-in.-dism by 18-in. cores 11 3 Oct 19119 22
heck 2 Air-Ratraining Admixture Study 6- by 6- bw 30-in, prism 90 13 Nov 1911 25
flack 2 Omah District Aaesate Program 6- by 6- by 30-in. beams 6 3 Dec 1956 26
heck 2 Oaha District Aggregate Program 3 0 low 1961 26
heck 2 Emuses City District Agpegete 18 6 Jan 1958 21

heck 2 is1 1 MAiY1959 27R ack 2 9 5 xoT 1962 27
Rahck 2 9 5 Dec 1963 27
Pack 2 3 3 JMy 1969 27
SK ack 2 3 3 Maly199 27

hek 23 3 Julyi9741 27
Deach 1 ftfanla u Aggregates Study 2-ft cubes 3 3 Oct 1958 28
heck I waol Nonmetallic Veterstop, Vat-rstop pieces 51 16 My 1957 30

Investigation
SEmbedded waternsop pieces 27 0 May 1957 30

Pac N vnaterstop pieces 30 0 Nov 1957 30
- -I edded vaterstop, pieces 15 0 Nov 1957 30

heck I Wall t Vterstop pieces 2 0 Avg 1958 30
- - edded vaterstop pieces 1 0 Aug 1958 30

leack 2 *uIt AgrgTeestgatio 2-t cures 160 0 Nov 1962 35
lec 2a Deci etPrps -u qurs8 p 1963 35

leach A- Qmzimm Allowtbe Ivter-sie2i 12t Decs10 0 o 1962 3
Sac A1 CuriYArg t Investigation 56t Juns6 e1968 3

Sac 5 inest atio of Mlateilsei 1S- by 10- by -4-in. pertsrcma 8 8 Nov 1969 110

lack 5 ~Investiationo Plastiese 10 y1-b -n otr-otd 1 6 Dc17 1
hlac 3 30xmu 10z JanaseAgag s e 19635 3

bec 5- Mim ius Cloncrle terc n 24 12 Due 1975 3

Sack 9 SRatIr-nvtiati oncrt yidr 8 1 u 96 1
Sack 9 CurigIUt atG oncrt 3-b5-n y~r 6 36 June 1968 15
Sack 6 InversCigatn olatcaete 10- by 10- by 3-i. bema-ose 6 Juily 1967 16
Back 6 Coares Slyer of eltit Basok 6- by 6- by 2!-in. beas oe 18 18 Aug 1976 18

Sack 7 ortrCoatins Maeias30i. en12 1 Jl198 1
Back 5 Cneet SplecenfPt-ic aged 0 y1-b 3-t orter-oss 36 36 Oct 1978 240

Ilarfcoatings Adm-t1e
Veck 9 CUMen FirousCcrti ne 3yidr 0 10 Oct 1978 20

B as e 5ie Vi Feiousd oncre 5inite t-hyat b 3bese sms are no Joero h xoue rack. 7

Back~=~J 5 MI Firu Cocee6 y&- 3-i.bn&21 2 ue17
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V Table 2

Recapitulation of Specimens Exposed at St. Aiwutine.- Fla.

Specimens Sec.
NO. Date NO.

Program of In- NO. In- in This
Investigation Size and Kind stalled Left stalled Vol

Prestressed Concrete 4-1/2- by 9- by 3 1 Oct 1959 6

Program Bi-in. beamsI
f-Portland Blast- 3-1/2- by 4-1/2- 108 93 Aug -1956 11

Furnace Slag Ce- by 16-in, beams
ment Investigation

8-1/2- by 8-1/2- 45 Aug 1956 1
by 12-in, prisms

FrLongtime Study 3-1/2- by 45-1/2- 198 195 Aug 1955 17
Waterwrays Experi- by l 6 - in. beam
ment Station

Alkali-Aggregate 6- by 6- 30-in. 72 455 Aug 1955 29
Reactivity In- beams
vestigation

6- by 6-by 30-in. 36 30 Aug 1956 29
beams

National Bureau of 3- by 4-by 16-in. 27 19 Nov 1957 32
Standards Super- beams

sulfate Cement

Note: Installation and testing of specimens at St. Augustine, Fla., vas

discontinued in November 1971.
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Table I-TC-B (Couticed) S-c.zi 2

309 Cycles. 197T C'les. 1978 33C5 CI"9es. 197t9

SCrack crack - Ak-No x. l steel steel Con- width Con Ud-h Con- wid-l
SemStress Posi- L-efor- di- 1/2000 di- i/1000 dLi- -;0

83 20,000 B A-335 22 80 !5 h7 78 15 3 85 15

81 20.000 B A-305 60 74 25 4T 30 64 72 30
85 20,0m OS 68 88 25 66 10 20 59 65 -

86 2.00 B os 65 69 25 67 58 2563 40 2
87 20.000 B A-305 1.6 66 20 46 52 2O -U 2L

88 20.000 B A-305 51 53 20 53 52 20 1-6 91 20
89 20,000 3 os 63 1,6 25 61. 56 25 61 95 25
9D 20.000 B OS 58 59 25 56 1.9 20 5a 56
91 30.000 B A-305 68 60 25 69 38 30 66 98 30
92 30,000 S A-305 65 8 25 66 39 25 6L 62 25

93 30.000 3 Os 63 51 55 .65 ".1 60 6. 72 6o
91 30,000 8 OS 63 68 70 "65 60 T5 60 55 75
95 30,000 B A-335 60 76 25 h6 63 20 12 63 20
96 30.000 -305 61 86 25 65 60 96 63 9 33
97 30.000 B 05 f2 76 50 63 66 .0 62 75 1.

98 30.000 8 OS 59 63 50 6- 51 50 55 70 100
9 0.000 B3 -305 56 92 60 59 51. 75 59 56 75

100 1-.00 B 3-305 56 72 5556 4 0. M
101 4.00 B OS 56 54 80 1. 3 &56 63 s
102 0.000 B CS 58 53 100 56 5 125 51 65 i25

103 O.000 B A-305 .7 S6 60 -7 51 60 16 ±13 60
101.1.0.000 2 -3056. 62 60 58 73 795 56 fl4 75
105 0o.oo B Os 65 82 T5 65 58 so a 60
106. o.0,000 B OS 66 69 To 90 76 (i , im.s --.l) 91 9 -- i=--' -
1-O 0,000 B ,-305 50 16 (i-In. slaw 51 55 (1-in s~pfll) 1. 83 (1-'.,- '

108 50,000 B A-305 53 U.1 (518-in. spell) 5. 33 (518-in. sell) 1-9 53 (3,3.- s .e)
109 50.000 3 CS f5 115 (1-1/2 in. spa11) A 5, (2--n. ) 56 97 (2 -

n10 50.0.0 8 s 53 91. 75 35 62 100 53, 109111 50.000 8 .- 305 50 68 75 55 1.3 100 1.9 -.
2 50.000 B A-305 59 67 75 61 50 (1-1=. e1 62 90 (--n.s

113 50.000 B Os -%7 T9 (11.,.c. sp l) &a -8 (43 .i,.- spl . 41" 4 !06 (111..-- spn')
11k 50,000 B 05 51 101 100 51 56 (1 2-1-. span, 51 Z- i-. se...
115 None B i-305 51 78 . .3 6 5. -

n6 r-ne b J%-305 57 S6 5T 25 62 u"
117 Ze B A-305 59 1 53 1.5 30 52 3r

no8 sone B OS 11 6. 1.2 22 39 2- -

122 20,000 ? ,,-305 67 97, 35 69 60 33 67".- '119 Xone 3 OS 55 1.3 52 70o 1.5 6
120 Uont B OS 51. 79 55 50 53
121 20.000 T A-305 70 92 35 73 52 3 71 246 30

123 20.000 T OS 59 65 60 59 51 100 52 =0

12M. 20.000 T OS 63 71 60 63 49 60 63 5 60
125 20,000 T A-305 57 53% 30 59 30 25 51 25
126 20.000 , A-305 75 51 30 76 r. 2' , -. '
127 20.000 T OS 66 6 20 68 61 20 55 2
2820.000 7 OS 6-7 65 20 68.35 i5 5# 53 AC17

129 30.000 T A-305 52 93 50 51 96 60 53 R 60
130 30.000 T A-305 60 83 6D 61 69 75 56 7-
13130.00 T OS 70 1.9 .75 72 60 75 72 W
132 30.000 -1 OS 5L. 53 75 56 60(1P..1r ape±) 1.7 61. 1 "'in p.±

133 30.COO T Z-305 58 91 50 58 1.7 0 58 5-0

134 3.000 T -305 62 72 75 a1 51. 5C 63 -5 I0
135 30,000 T OS 61 1.3 Lo0 Q 29 60 6
136 30.000 T OS 62 59 &0 63 38 50 58 Z- 50

= 1 .000 T A-305 1.9 79 100 50 37 11 1 70
1381 40,000 T A-305 55 77 75 56 31 90 51 3
1391. 0.000 T OS 65 69 55 66 39 65 O± 5-1
11.o1.0.000 T S 65 81 60 67 29- 70 67T 51.
141.140,000 A -305 59 91. 60 53 -3 75 52 92 7
A12 U1..00 T A-3355V. 86 60 6 75 50 .9 100

11314.000 ? OS 62 81 75 63 11 75 62 75
11.1 %1.000 T OS 5"1 93 $3;an~pll) 52 88 (-nspanl) 5: 17 (-.

-L -1550000 T A-305 52 e9 125 52 73 .,; 5- :-7
116 50.000 T A-305 &.7 73 80 17 51. 71U

(CO.ML 5

-wed- 0
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Table 1-TC-B (Continued) Section 2

Beach RoW I
1973 1-q 6 Seadings

2624 Cycles, 1973 2760 Cyeles 19 2872 Cycles. 1075 308 Cycles, 1976
Max Max Max Max

Type Crack Crack Crack Crack
Nainal Steel Steel Width Width Width Con- Width

Beam Stress Posi- Defor- Con- 1/1000 Con- 1/1000 con- d- 1000No. tion ation dition in. dition in. di2 i. in0n

148 50,000 T OS ii Unloaded II -- - - -
149 50,000 T A-305 68 75 66 5001 61 73 500 61 100 (4-in. spall)
150 50,000 T A-305 65 60 65 70 62 61 70 64 i04 75
151 50,C00 T OS 57 70 58 70 57 62 60 56 63 (1/2-in. spell)
152 50,000 T 0S 54 60 54 55 51 52 50 53 52 50
153 None T A-305 4 0 36 0 16 50 26 52
154 None T A-305 55 0 54 0 54 84 55 81
155 None T A-305 76 0 65 0 61 82 65 81
156 None T 0S 52 0 27 0 25 83 22 81
157 None T 05 52 0 51 0 49 83 50 90
158 None T OS 51 0 50 0 5D 74 51 79 (2-i. spell)

3095 Cycles, 1977 3242 Ccles . 19T8 3341 Cycles, 1979
Ma Max Max

Crack Crack Crack
Con- Width Con- Width Con- Width
di- 1/1000 di- 1/1000 di- 1/1000
tion $V2 in. tion in. tion ___ in.

148 50,000 T 08 .. .....
149 50,000 T A-305 64 67 (4-in. spal) 62 50 (

6
-in. spal) 61 93 6-in. spall)

150 50,000 T A-305 63 65 75 63 60 75 62 90 75
151 50,000 T 03 53 63 (5/8-in. spall) 45 32 (1-in. spell) 45 54 (1-in. spell)
152 50,000 T OS 53 67 50 54 33 50 52 96 50

153 None T A-305 29 53 26 35 19 55 -
154 None T A-30 r5 74 61 24 59 - -
155 None T A-305 . 82 66 53 65 52 -
156 None T 03 23 82 23 52 21 56 -
157 None T OS 54 80 57 28 49 82 -
158 None T 08 50 68 52 36 (2_in. spanl) 50 74 (2-in, spell)

If Satisfactory pulse velocity readings vere not obtained in 1973 and 1974.
I One rebar failed during vinter of 1973-1974.

(Sheet 10)
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Table 1-SF (Continued) Section 3

Exposure Rack Row 9 (IW to E)
Water-
Cement Cement 7 7 Readings

Sphere Aggregate Combination Ratio Factor Air 1 9 7 1977 19V% 1979 
No. Fine Coarse gal/bag bags/cu yd 2

lIB Nat. sand A Nat. gravel A 4.5 ?.1 4.o 52 49 33 NR Failed
12D Nat. sand A Nat. gravel A 5.0 6.2 2.3 NR NR HR hR HR Fai1ed
13D Nat. sand A Nat. gravel A 5.5 5.3 4.7 HR N NR NR NR Feiled
21A Crushed Nat. gravel A s.5 7.3 L'.5 66 6o 80 73 73 73 66

21B Crushed ,at. gravel A .5 7.3 4.3 78 76 72 62 65 65 62
22A Crushed Nat. gravel A 5.0 6.4 4.8 95 93 88 81 83 83 79
23A Crushed Nat. gravel A 5.5 5.6 4.5 62 62 70 65 62 59 52
23B Crushed Nat. gravel A 5.5 5.6 4.6 43 4o 67 61 63 61 57

53A Blend B Nat. gravel A 5.5 5.2 5.1 HR NR NR Failed
53B Blend A Nat. gravel A 5.5 5.1 4.3 NR NR NR Failed
71A Crushed Rock C 4.5  7,1 6.8 Failed
92E Blend C Rock C 5.0 6.3 3.9 NR NR HR Failed
.13G Nat. sand A Nat. gravel A 5.5 5.2 3.8 NR NR NR Failed

VI

IiI

N

N A satisfactory reading was not obtained although an attempt was made to obtain one.f-(a - 
eet 2)

_ -77

t~= rE ew --
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(Hevised August 1980)

Table l-CBMI-PB (Continued) 
Section 4

Record of Testing of Prims Made for Cement-Replacement Materials 
Invest!gation,

Phase B3. 1953- (Installed December 19531

Beach Row 2
1976- Readings

Port- Max 3040 3117 326 3351
land Agr Cycles C)cles Cycles Cycles

Mix Specimen Cement Size 1926 1977 1978 1979

B -11 100 6

B-30 100 3 85 70 65 62B-31 89 (1I 54 50
B-32 91 101 70 39

5 B-61 100 30 96 108 107 81
-62 96 97 106 81

B-63

d B-48 55t 6

Se B-110 65t 6

f B-77 55t 3
B-78
B-79

9 -93 65t 3 88 90 91 65
B-94

9 B-95

:L-

ater-ce nt rtIn (by t), 0.; that of anl other pecimens, 0.8.(het2

t 45% fl ash ued a replacement aterial., 
--

t35% natural cement ued as replacement ateral. I,

W 2Wr WN 15"



i -"F (Revised August 1980) Section 5

Table I-CERL-FC

Record of Testing of Concrete Beams for CERL Fibrous Concrete Program

Installed January 1975

Rack Row 3
* 1975-1977 Readings

Jan 1975 Jun 1975 1976 1977
M-x Beam Flaw 0 cycles 66 cycles 212 cycles 289 cycles

2E fs %1 E V2 22
No. No. in. % p v % %V %E % _

0-1 0 0 100 14,150 100 i0 161 i0 102 110 94
1 0 100 14,000 100 1o4 145 109 104 109 87
2 0 100 13,855 100 105 148 ii-
3 H.L.* 100 13,040 100 ** ** tt
4 1/16t 100 13,435 100 ** **

5 1/8 100 1300 0 100 ** ** T

0-2 10 0 100 13,435 100 102 157 103 94 105 94
11 0 100 13,570 100 100 158 99 100 I01 94
12 0 100 13,435 100 101 165 ±t
13 H.L. 100 13,300 100 101 160 it[ C 14 1/16 100 12,545 100 85 176 ti-i
15 1/8 100 12,545 100 90 156 

-  |

0-3 20 0 100 14,150 100 104 153 104 104 108 94
21 0 100 14,300 100 1o4 154 105 96 109 94
22 0 100 14,150 100 101 157 tt
23 H.L. 100 13,855 100 100 168 ±t
24 1/16 100 13,435 100 79 161 1t
25 1/8 100 13,570 100 93 150 -1

0-4 30 0 100 13,855 100 101 155 ll 96 ll 102
31 0 100 13,570 100 108 154 113 106 115 89
32 0 100 13,855 100 102 160 iT
33 H.L. 100 13,435 100 102 153 1t-1
34 1/16 100 13,040 100 100 159 i-f
35 1/8 100 12,915 100 78 170 -1-1-

0-5 40 0 100 14,150 100 100 161 114 112 113 98
41 0 100 14,150 100 103 157 104 1C7 109 98

42 0 100 14,000 100 101 174 tti
43 H.L. 100 13,855 100 97 164 tt
44 1/16 100 13,170 100 77 172 -I-i-

1 45 1/8 100 12,915 100 72 158 1t-1

(Continued)

* Hairline crack.
* Unable to obtain reading.
t In two pieces.
if Shipped to CERL in July 1976 for laboratory tests. (Sheet 1)

MZ;7;. M



(Issued August 1980) Section 5

Table l-CERL-FC (Continued)

Rack Row 3
19X8 Readings

1978 1979
Mi em lw 436 cycles 529 cycles

No. No. in. %E %V2  %E

0-1 0 0 111 88 ~ *

1 0 109 87 116 92
2 0
3 H.L.*
4 1/16t
5 1/8

0-2 10 0 106 92 109 92
11 0 104 98 104 100
12 0
13 H.L.
14 1/16
15 1/8

0-3 20 0 109 94 111 96
21 0 109 86 110 96
22 0
23 H.L.
24 1/16
25 1/8

o0-4 30 0 114 102 110 98
31 0 116 92 114 95
32 0
33 H.L.
34 1/16
35 1/8

0-5 4o 0 114 92 113 85
41 0 109og 109 98
42 0
43 H.L.
44 1/16
45 1/8

Hariecak
Unbet banraig

t ntopees Set2

IM



(Revised August 1980)

Table 2-PR (Continued) 
Section 6

osure Rack, Row 3 (WJ to 10

o 15o 221 32 1 557 6 655

Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles 985 Cycles Cycles

Beam Batch 1958 1959 1960 1961 1962 16 196 1965

ItoR. NO. Type Concrete %E %E %E~ *J z %E %E %E * -

694 19 Air 100 10o4 103 97 99 3.01 97 97 97 93

6896 100 103 101 95 98 92 97 95 96 95

6898 100 107 105 99 103 105 103 101 102 102

6900 20 Air 100 107 105 99 104 105 104 103 108 108

69o2 100 108 105 99 104 105 104 103 1C- 103

6904 100 107 105 99 102 102 102 101 103 103

6906 21 Air 100 105 103 98 101 102 96 98 10O lco

6908 10 105 1o4 98 101 102 99 100 101 101

691o 100 105 103 98 101 104 101 101 97 99

6912 22 Air 100 105 103 98 102 104 103 102 102 103

6914 100 102 101 96 99 100 1oo 100 100 102

6916 100 105 103 98 101 102 100 100 100 101

I6918 23 Plain 100 108 107 99 97 91 86 87 84 87

6920 100 109 107 95 88 80 70 65 13 Fal8ea

6922 100 105 104 99 100 101 104 106 106 10810 06 16 0 107

6924 24 Plain 100 108 106 101 103 46 106 106 106

6926 100 103 100 95 95 93 95 92 90
z6928 100 16 103 95 92 93 86 82 48 Failed

968-19-18 Read-Ings

1326 1.0 1633 10 1959 2099 2235 2347 2193 2570 2717

Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles

1968 1969 1970 1971 1972 1973 1971 1975 1976 1977 1978

6770 1 Air 104 102 99 95 95 104 106 108 119 130 99

8 6772 99 100 98 95 95 141 147 147 158 108 119

6774 99 101 101 99 98 145 145 146 144 1i44 109

6776 2 Air 92 94 88 88 93 101 103 99 103 101

6778 99 98 92 90 94 99 102 98 104 113

6780 102 98 96 91 90 101 100 101 99 no 114

6782 3 Air 98 98 96 91 91 91 93 9 95 95 !13

6784 98 96 96 91 89 91 92 314 94 110 109

6786 98 98 97 95 94 90 92 96 93 g2 107

6788 4 Air 95 95 93 95 94 89 89 92 89 92 94

679o 101 101 99 101 99 95 103 103 107 109 105

6792 101 105 103 98 100 100 102 106 108 100 102

63806 5 Air 99 99 97 90 91 89 1 91 6 98 8
688 93 96 96 90 94 89 94 95 97 84 91

6812 6 Air 88 93 91 91 82 82 85 86 84 80 89

.6814 94 98 98 88 90 92 92 93 90 74 100

6816 7 Air 90 87 89 83 87 78 80 80 75 70 78

6818 86 84 86 84 84 79 79 79 74 59 58

6820 84 82 84 82 83 75 72 74 62 87 Failed

6822 8 Air 91 86 88 88 87 87 89 89 82 614 101

6824 87 83 87 714 74 83 8h 86 80 79 93

6826 83 83 82 88 89 76 76 79 80 80 93

6828 9 Air 91 89 89 79 81 83 80 82 75 60 86

6830 88 84 86 74 73 71 71 73 53 136 99

6832 88 84 86 85 86 86 79 81 77 117 91

6834 10 Air 92 88 90 92 90 84 85 85 78 88 98

6836 94 91 93 87 90 85 85 89 81 90 103-

6838 100 97 98 95 94 90 90 92 90 86 121

6846 11 Air 100 95 97 88 87 85 8' 8j 87 82 136

68148 90 88 90 84 83 76 78 78 78 90 il

6850 92 88 90 90 89 87 89 90 M-_

6852 12 Air 96 93 96 89 89 92 92 92 88 97 105

) 6854 94 94 93 90 89 86 87 89 92 89 98-

6856 90 92 91 82 83 84 82 83 80, 105 86

(Continued)
(Sheet 2)
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(Revised August 190)

Table 2-PR (continued) Section

Exposu Pac, Rov 3 (W te F)
198 98Radings

1326 1480 1633 1802 1%9 2099 2235 2347 2493 2570 2717
Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles

Bea Batch 1968 1969 1970 1971 1972 1973 197 1975 1976 1977 1978
AcG. No0. Type Concrete %E %E %E %.E %E %E %E %E E %E.....L.

6858 13 Air 90 90 90 87 87 85 86 88 88 89 101
686o 91 90 92 99 99 88 87 88 88 9o 110
6862 102 101 99 96 96 102 io4 1) 107 109 128

6864 14 Air 99 96 97 90 91 95 94 06 93 93 108
6866 98 98 96 90 91 90 90 91 90 85 104
6868 97 96 95 97 92 90 91 93 89 90 99

6870 15 Plain 87 85 84 Faied
6872 97 95 93 Failed
6874 92 90 91 Failed

6876 16 Plain 79 77 Failed
6878 79 76 Failed
6880 82 79 Failed

6882 17 Air 99 97 Disappeared from exposure rack
6884 102 100 Disappeared from exposure rack
6886 100 96 98 97 96 99 99 100 92 99 138

6888 18 Air 102 100 97 95 '~. 96 96 97 97 98 133
6890 100 101 99 94 93 94 95 95 9o 82 110
6892 102 101 104 103 102 lO6 107 107 103 109 137

6894 19 Air 95 92 90 88 87 89 91 92 73 80 128
6896 96 96 88 87 65 85 86 87 53 111 119
6898 103 101 103 100 98 lo9 109 101 119 84 121

6900 20 Air 108 107 105 101 98 110 110 111 120 109 125
6902 105 103 102 100 99 109 104 107 107 108 131
6904 101 98 101 110 ill 117 116 117 121 115 125

6906 21 Air 96 92 96 107 109 114 114 114 124 103 135
6908 100 102 99 105 106 113 113 -14 118 11F 124
6910 101 100 95 107 111 109 117 116 119 113 121

6912 22 Air 103 103 101 109 108 110 ill in 113 103 1181. 691. 102 100 98 108 106 113 112 112 11- 128 145

6916 101 102 100 14 113 114 115 115 117 117 133

6918 23 Plain 76 74 74 9! 95 115 113 114 111 112 138
6922 107 Failed

6924 24 Mlain 106 Failed
6926 92 Failed

2810
Cycles
1979

6770 1 Air 101
6772 1-9
6774 10

6776 2 Air 107
6778 114
6780 122

6782 3 Air 115
6784 114
6786 107

6788 4 Air 99
6790 105
6792 108

6806 5 Air 99
6808 92

6812 6 Air 103
6814 92r

6816 7 Air 78K )68183 62

(Continued)

(Sheet 3)
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(Issued August 1980)

Table 2-PR (Concluded) Section 6

281 170. Radic~Exposure Rae,., Rov (w to-F)

Beam Batch 1979
No. No. Type Concrete $E

6622 8 Air 106

6826 98

Air0 103
683-,93

6834 1 Air 105

66 i Air 130

Air0 110

1212 12 Aro

682136

66 14 Air 113

6868 102

6882 17 Air
6884

6888 18 Air 1I44
L8po .111
6892 138

659i' 19 Air 129
6896 120
6898 125

6900D 20 Air 130
6902 130
6904 126

6906 21 Air 135
6908 127
6910 122

6912 22 Air 122
6914. 139
6916 133

6918 23 Plain 142

MSeet I.)

-~ ~ - MU



(Revised August 1980)

Table 5-P (Continued) Section 6

Beach Row 2 (W to Et)
IM cycles._Z9* 1271 Cycles, 1970 lhO Cycles, 1.71 1597 Cycls. 1972 173T Cycles. 1973

Beam %' Cnl V Condi- %V2Z ~ Condi- %V Cmi %V2 Codi-.
No. Trans e in Tfs lg. toI . -o A.n 1, tion Trans Log t Ion Tastion Trans Longras .to

1 128 96 26 130 94 31 93 88 26 85 54 28 § 9 29
2 98 84 31 89 87 30 60 73 33 62 75 34 37
3 105 87 33 105 90 28 79 73 26 40 66 32 22
4 100 no 26 e 11 39 57 85 36 60 88 30 31
5 112 92 23 103 94 30 73 78 33 21 65 26 21

6 92 0 23 85 101 27 62 75 28 58 7. -2 31
7 87 95 31 81 96 49 60 83 48 56 84 5
8 108 89 67 95 90 52 71 4* 49 63 st 52 47
9 89 60 36 79 62 53 56 4* 4.8 34 st 39 54
10 92 80 29 82 85 29 58 tt 31 33 aa 34 32

11 87 79 20 76 81 26 61 62 27 43 50 18 12
12 88 64 24 81 60 30 70 77 40 22 65 26 ,,
13 74 73 30 76 74 27 75 ts 30 37 U8 21 23
14 85 97 37 62 97 35 63 61. 45 48 63 36 4.6
15 74 98 23 69 1oo 26 62 69 L6 26 69 24 43

16 81 96 21 78 98 22 70 74 20 26 95 26 19
17 72 85 69 76 99 75 64 Ot 70 45 s5 70 70
18 76 75 50 74 88 46 66 63 42 30 76 34 41
19 76 *s 68 74 5 71 62 st 65 37 ts 69 67
20 78 97 37 83 98 34 54 77 32 56 92 30 41

1873 Cycles. 197h 15 Cycles, 1975 2131 Cycles, 1976 2208 Sniest !97 2355 Cyclea, 1978

%2 Condi- Cmodl. %V Coi- ~ odi- %c- I I Condi-
Trans , tion Trans tion Trans L tion Trans L tion -T*ns Los. tion

* 1 3 2 -
2 40 60 60 46 53 58 47 52 54 52 51 52 4o
3 5

35 4 114 16 4$ 93 35 U 83 39 88 76 34

5 30 M 3 24 It 104 29 88 101 41 88 43 Rd.

6 40 I
7 53 * 85 46 * 4 56 5* 74 68 5* 78
8 54 70 57 44 5 57 59 55 55 75 54 47 75
9 55

10 50 62 94 38 32 95 56 29 84 64 '9 84 50

11 22 §
12 65 65 103 29 57 93 44 57 87 41 39 59 46
13 5
14 51 60 67 36 53 68 55 53 6. 59 52 60 501,5 55

16 41 52 111 is 46 106 4o 45 00 44 45 9L. 58
it T7 I § 72 49 4* 82 85 4* 93 it it 94
18 47 61 86 33 47 87 60 48 80 55 48 37 67
19 .5

20 h,2 51 90 32 41 91 50 41 88 55 44 85 55

2)4%6 Cycles. 1979

Condi-
Trans Long. tion

1 18 81 61

3
4 65 57
5 77 48

6 8
7 44 141
8 136
9

10 61 100

U Is
12 to 51 51
13
1%, 45 74

16 8* 61 57
17 70 I8
18 37 98
19
20 53 63A

A -t A satisfactory reading vs not Obtained. (Sheet 2)
I Satisfactory puse relocity readings were not obtained in 1973 and 1I4.

88Shipped back to Conrt aoao7
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(Issued August 1980)

Table 6-PR (Continued) Section 6

Beach Row 2
No. of Average Condition

Type of Beam 2355 2448
End Ends Cycles Cycles

Protection Used 1978 1

Flush (1) 2 12§ Failed

Flush (6) 2 4 4

Flush (7) 2 5§ 2§

Flush (9) 2 2§ 1§

Ext (1) 4

Ext (2) 4 14 18

Ext (3) 14

Ext (4) 4 16 21

Ext (5) 4

Ext (6) 4

Ext (7) 4 2§H 2§

Total 4o

§ Based on 1 beam end.
§ Based on 3 beams ends.

(Sheet 4) F
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(Revsed Au-st 1980)

%able I- "W-PC Section 7

Record of Testrg of Concrete Bee= for I IF Fib-ous Concrete Profr=

Installed July 1975

Rack NRows and 6
175 - Peadiers

Jul 1975 1976 1977 1978 1979

0 Zyces A16 Cycles 223 Cgce± 37C Cycles 1.63 Cycles
beam o. 11d.b %. 102 100

9- by 9- t- 4,5-in. Bea=s

H-3 2720 16,095 100 103 102 01 10
1-1 4340 15,560 97 97 91 94
1-3 16,375 11 98 97 01
1-1 15,315 103 10"2 00 9
1-3 11.,590 106 105 102 102

K-1 14,590 lO 102 100 110

no-3 10011,30 103. 10 102 99

4-7 9016,52o 941 9382
K-3 ~ ~ ~ ~ 9 94 6 03 !0 i0 9

0-3 16,310 99 971 98 95%-1 114,590 98 99 9a 100;! Y-3 15.060 - 99 0

100 95O 101

H-1 .14,65 los 103 104 106_

0-3 10,705 103 113 10 9 109
0-1 15,150 103 6 9M 105 110
0-3 16,1370 10 10 . 102 102 105
J-1 1h,95o 106 910 102 103

P-25 15:24.5 l0og 10 5 10 99 97 n

H-7 None loo 16,25 1 98 lO 106 103 112 101 100 102
R.-8 15,725 102 105 109 00 100 101 98 100
H-15 1i,855 1o6 1o7 no 1o 102 103 152 105
H-i6 15,825 102 10 100 99 102 101 103 102
I-8 15,925 120 105 106 97 102 103 102 01i-7 6. o 100 10 9 25 9 2l,6 iol. lO3 990
L-7 16,630 103 103 l06 100 105 101 1037 99
1-8 16,130 103 108 103 101 01 101 201 9
N-7 14,125 100 10 103 9L 103 97 101 93

--- 8 13.890 112 103 103 1 102 97 109 99
0-16 1.5,25 68 10 97 100 95 101 97 102
-- 8 14,05 o6 109 10 o6 112 1 o 102 l o 100

1 -7 None 100 15475 100 119 10o3 96 98 9L 99 94 86
1-15 16,130o 100 110 112 102 21 103 102 103
J-7 14.495 103 106 ni2 99 100 101 97 103

J-8 14.495 log 104 118 96 97 98 190 98
J-15 14,4 95 loo, loL 100 g- i00 99 97 99
0-16 1,565 115 110 106 103 103 105 100 102

K-1 1.70 9710 1036 10 9 15 101 95 101r-15 14.55 106 106 103 101 97 103 l.54 105
K-16 1L,285 102 109 10 2 100 101 101 102L-15 24,635 104 i0 10B !01 10,2 101 107 9a
1-16 ib,635 103 103 206 100 106 100 97 99

1-4I,085 205 109. 210 99 210 101 201 100
: M-15 15,075 100 104 109 99 lo3 97 193 97

!4-16 I4,850 112 log log 102 3.12 91 log 99 %%:7 14,150o i 1 08 5 106 109 112 105 105 1o02,
X-8 14,085 212 102 12h 99 131 95 104 97 - -
r-15 14,020 109 ,o6 n23 !0 106 102 102 100
N-16 h020 100 nnt 112 t e2 102 103 1 030-7 13,825 106 ii0 lo9 103 103 105 100 103

---- - •boaded bewn not teaed f or %..



____~ -- -. -___ ___

x---. (Revised August 1980)

Table 1-CBMI-PD (Continued) Section 8

, tposure Rack, Row 4 (W to E)

cutti t' u sna 19Mt-197 No-nain34
Typefl Replace- Cement Water- 235 C37 293 70
Portland ment Factor Ceent Air 1les 1cle 1yle 1le

Core Cement Mlaterial bags/ Ratio Content 1NO- cu Yd by vt %E %,,2  %r %E %V' -JE- -

5M 100 : 2-1 0.73 3.9-6.1 70 53 70 91 60 75 64 Broken5B MR 69 IM NR Failed

12T 92 0e 3 0.55 6.3-7., 0 6 6 93 6i e3 Fa ile
173 48 67 9 R 96 Failed S

13T 75 Picite 3 0.58 6.2-7.6 73 10 0 1
13 27 9R 6 6 Fa e3 49d Failed
13B 26 7 96 713 H 88 7 79

20897 79 02 11 68 o 8 6

12T 65 rat ceh 3 0.56 6.5-6.7 70 91 55 91, 55 91 60 5e
152 35 63 9 62 120 60 & 51 71

17M' 92 Uric D 3 0.55 5.-3-7. ?A 50 64 Failed Failed

2TB1 0 8 77 95 78 117 69 17 80 87

19T 100 0 0.42 6.9-7.9 8 1 20 87 7319B 13e F66i35 7

Cyc4e -acled

103 75 Puicite 3 0.45 8 67 51 51 6. -. 9 Failed
20T 25 8 76 6 96 71 86 6 6720B 9'7 79 102 115 68 so 890 &1+}

23K 80 Cal 3h 5 0.45 4.5-6.1 52 66 55 116 55 91 Faled
23B 20 52 73 51 5.-h 93907 78

82T 9 Urc D 3 0.2 6.5-7.8 75 91 7 1n6 61 U. 61 61
92M 6 82 93 80. 231 6- 7 8 61 8

t

20 A
2C 75 P' ieite 1 0.15 5.7-8.5 N0' 86 -- I

71725 1 6

233 80 Cala 1e 0.15 6.5-6.1 87 71 82 B R

12T 100 0€D 0.55 6.3-7.h Brke Broke

8

18B 70 Fly ash 3 0.55 6.1-7.7 51 65 IA4 r-
30

19T7 100 0 4 0.42 6.9-7.9 ST 68 IR M

23B 80 Cal sh 4. 0.4.5 4.5-6.1 a, 71 82 P.

24T 91 Unc D 1 0.42 6.5-7.8 65 82 68 BR
2,4 6 67 72 78 BR

t End of specimen too rough to blain satisfactou readIng
IR Satisfactory roading v" not obt-ined altbougb w attempt was mde to obtain one.J (Mheet 51

-I



r(Revised Auc4st 19e0)

Table 2.CMIW-v) (Ctn! ed) eto S

1970-1976 PednsBeach F. I (W to El
Factori AirtL omna 1633 1802 1959 2090 2238 2350 21.96Type a Replace- CrAt t Cycles Cycles Cyc^ts Cycles Cycles Cycles cycle=

Portln~1 re.t 1970 1971 1972 1973 1974 1975 1976
Cube Ceent Material' bag-/ Ratio C.ntent V2 _ %v2 _

No. % cuy~ __d by_ Wt %v

5 100 0 2-1/4 0.73 3.9-6.1 Failed

7 50 SlaZ 2-1/4 0.76 .7-6.6 FaIled
50

65 Nat cem 2-1/4 0.76 5.7-6.4 Failed

35

9 70 Cal h h 12-/. 0.79 5.9-6.3 Failed
30

10 88 Usc D 2-1/4 0.80 5.5-6.2 t Failed

l10A 88 thc D) 2-1/%. 0.80 5.5-6.2 f Failed
12

11 70 Fly ash 2-1/t o.73 5.5-6.2 74 71 60 ** 83 51 Fae
30

IIA 70 Fly ash 2-1/ 0.73 5.5-6.2 Faile
30

12 100 0 3 0.55 6.3-7.4 t Failed

13 75 micite 3 0.58 6.2-7.6 94 15 0 *4 Failed
25

14 50 Sag 3 0.60 5.8-6.3 100 82 66 it 65 3

-- 50

15 65 91 aer. 3 0.56 6.5-8.7 82 48 149 it L4. NI.
35

16 75 Cal 5%h 3 0.59 5.7-7.4 91 U. 91 it Failed
S 25

17 92 Un D 3 0.55 5.3-7.4 98 85 77 * 7! S M
8

is 70 Fly ash 3 0.55 6.1-7.7 85 15 Failed
'40

17- ptcadin.-a
2573 2720 2d13
Cycles Cycles Cycles

1977 1978 1979

lb 50 Slag 3 0.60 5.8-6.3 Failed
50

15 . 65 lat ce 3 0.56 6.5-84.7 Failed
35

17 92 Us D 3 0.55 5.3-7.4 89 103 64

18 Fly ash 3 0.55 6.1-7.7 Failea

tEnd of Specimen too rou4Sb to obtain satIsfatoryw reading. (iet3),__

-W V - -;--

-M _-M .... .....
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Tiable 1-PQ (Cctiledl 5ectic 9

1969-1973 ObzerM=- 3 197
i~...~1971 _____2__ 1973

T ?yt Ceteit ?y~e Water Cycles tion Cycles t.cn ti= Cycles tim C,-.Aez ti'-,

S-13-R Alumouis Sea (norm!) 4W0 Fair 1554 .jr 4723 Fair- 8 Fir C

1971,-m- Obserratbms

1959,06 9-

Cyclextio C C

Z-1.3-H A1t=bwu.s Sez (wor~1 5-135 Fair

d==~_ fo - )
6 - it--~=. "wdof-ee -aeat. = k M



(Reviced August 1980)

Table 1-SC (Continued) Section 10

ExPosure Rack, Row 5 (W to F)
1975- Readings

Cement/ 1793 1939 2016 2163 2256
Amgregate Position Cycles Cycles Cycles Cycles Cycles

Beam Mixture Ratio as o Panel Type Fine Reinforcing 1975 1976 1977 1978 1979
No. lio Shot (by wt) When Shot Cement Agregate Mesh %E %E %E IE %E

IA 1 1:3.5 Vertical II, A Sand A Yes 96 101 102 NR NR

IB 1 1:3.5 Vertical II, A Sand A Yes i0 Failed

2A 2 1i:.0 Vertical II, A Sand A No 123 128 91 HR NR

2C 2 1:4.0 Vertical 11, A Sand A Yes 105 121 107 NT NR

2D 2 1:4.0 Vertical I, A Sand A Yes 78 81 NR* HR NR

1 t

Nfl

•IR denotes a satisfactory rea :ng could not be obtained. (Sbeet 2)
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(Revised August 1980) 
°

Table 2-SC section 10

Record of Testing of Concrete Beams. Missouri River Division Program

1965- (Installed November 1965)

Exposure Rack, Row 5 (W to E)
1965-1972 Readings

Ai 0 130 2 471 625 O77 -47 1O
Air Cycles Cycl Ccles ycles Cycles Cycler Cycles Cycles

Beam Mixture Type Fine Course Content 1965 1966 1967 1968 1969 1970 1911 1972
NO. No. cement Aggregate Aggregate *j Jj %Ej It %E %E %LJ~

SC-I 6 I, D Sand D Gravel A 7.5 100 92 91 100 100 101 96 65

SC-2 6 I, D Sand D Gravel A 7.5 100 97 99 96 94 91 73 49

SC-3 6 1, D Sand D Gravel A 7.5 100 102 102 100 102 102 80 65

193 6audimg
1244 13t3 1495 1641 1 1865 1958

Cycles Cycles Cycles Cycles Cycles Cycles Cycler
1973 1974 1975 1976 1977 1978 1979

SC-1 6 I, D Sand D Gravel A 7.5 89 81 80 82 NR Failed

SC-2 6 I, D Sand D Gravel A 7.5 NR Failed

$0-3 6 .I D Sand D Gravel A 7.5 45 NR NR NR NR NR Failed

ii

l ~N denotes no reading was obtained even though an attempt vat made to obtain one. _

--- ---- | ------- -,--- ---



(Revised August 1980)

Table 1-BS (Continued) Section 11

Obqosure Rack, a w 5 (W to E)

0 144 215 365 43 ; 7 6 Tf2 907 1070 1200 1356
Cycles Cycles Cycles Cycles Clclea Cycles Cycles Cycles Cycles Cycles Cycles Cycles

1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967
Bean No. Cament *JE %E %E .JE .JE %E %E~ %E .J E .L .%F
8ST-128 Ty PCt 100 121 128 130 125 120 120 121 121 118 121 120
8ST-130 100 117 123 125 123 1.6 314 3.6 116 114 14 1134

= 8ST-132 100 120 126 126 122 115 114 112 108 108 11O 1o
8_T-134 100 125 133 134 132 123 125 123 122 118 120 118
8ST-136 100 123 132 132 *4
8ST-133 I00 123 129 133 128 120 122 121 115 115 117 115
8ST-140 100 123 130 132 128 120 120 122 120 120 119
8s-142 100 123 13o 131 129 119 121 123 118 116 116 116
8ST-144 100 12T 135 136 - 124 126 122 122 122 322 123

9sT-146 PBFS* No. 8 100 112 120 120 120 110 115 116 112 112 l1 il1
987-8 100 112 120 120 120 113 111 113 l1 ll 11 111
9ST-150 100 112 121 122 121 114 116 116 113 113 115 115
9ST-152 100 114 122 124 122 116 117 116 114 113 116 118
9ST-154 100 113 123 123 123 113 116 117 4 114 114 115
9sT-156 100 110 119 119 **
98T-158 100 ill 117 118 117 107 108 106 103 105 103 11)4
9sT-160 100 109 116 117 118 110 111 109 107 103 105 105
9ST-162 100 111 118 120 119 110 110 108 106 102 106 106

10ST-164 Blend: No. 2 100 116 124 128 12 120 120 119 I18 116 118 117
lOST-166 Pat, 80%; 100 115 120 123 120 113 115 1.16 109 109 109 110
-108-168 nat cen A, 10 107 113 115 111 104 107 103 101 98 91 93
1OST-170 20%tt 100 14 121 123 *
10ST-172 100 113 121 122 122 112 111 1.1 107 105 103 105
IOST-174 100 110 117 120 117 108 110 108 105 103 100 99 hr
1OST-176 100 112 119 122 119 111 113 111 109 106 106 110
108T-178 100 1ll 118 120 118 110 110 111 110 108 106 108
10ST-160 100 111 117 119 117 108 109 107 102 10g o 101 101

118T-182 Blend: No. 2 100 109 115 115 113 104 108 102 97 94 92 93
11sT-184 P3s, 75%; 100 105 110 113 113 101 103 101 94 89 89 89
11sT-i86 nat cem A, 100 108 h34 116 114 102 105 103 96 94 92 92
11ST-188 25% 100 119 125 129 128 120 121 121 116 119 118 117
1IST-190 100 Ill 118 120 **
118T-192 100 109 117 118 116 106 102 108 106 113 115 117
11ST-194 100 110 118 117 116 1O4 106 103 95 72 78 77
11ST-196 100 106 114 111 109 93 92 92 83 81 94 93
11ST-198 100 106 113 115 112 101 103 101 95 92 90 90

12ST-200 Blend: No. 2 100 106 1o 112 110 100 105 100 95 92 90 90
12ST-202 P37S, 70%; 100 101 109 109 105 83 95 94 92 89 80 81
1287-20 nat cem A, 100 99 103 103 101 88 89 89 84 75 72 71
12s-206 30% 100 100 104 100 100 84 87 78 74 70 62 60
12T-208 100 102 106 iol; 104 90 92 IS 79 74 69 69
12ST-210 100 111 117 116 116 103 107 103 100 95 97 97
128T-212 100 113 120 126 121 109 110 110 107 104 101 100
i2T-2 100 117 123 126 124 114 118 118 111 106 104 107
12ST-216 100 120 126 128 *

1968-197 Headings

1541 1695 1848 2017 2174 231W 253 2565 2711 2788 2935 3028
Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles

1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 .978 1979

isT-4 7BFS No. 3 109 'lO 112 112 100 Failed
)ST-6 120 117 120 121 105 Failed
12T-8 112 1ll4 113 114 99 Failed
1ST-10 113 114 110 103 103 97 97 9 1348 116 10. 109
IST-12 111 112 112 13. 116 100 102 102 127 NR NR Falled
IST-14 113 114 108 108 110 98 98 100 102 102 Il 11713T-16 106 102 102 102 li 75 79 79 NH NN NH Failed
IST-16 105 103 103 109 116 104 150 152 R NHR NR Failed

2ST-20 PB78 No. 34 114 118 116 117 122 122 153 153 H NHl %H palled -Z
2ST-22 117 121 11 121 123 154 154 160 HR 3MR NH Failed
2ST-24 120 125 120 122 118 123 118 123 184 191 155 HR
2ST-28 125 123 119 124 123 109 98 100 1347 NR NR Failed
2ST-30 123 125 118 123 127 110 117 118 1.2 1'-1 1347 NH
23T-32 125 126 m-0 128 128 110 ill 112 121 1$6 142 NH
2ST-31 0 118 116 123 124 128 134 135 135 NR
2ST-36 117 118 114 119 115 119 165 165 NR H NHR Failed

(Continued)
* ortland blast-Uarnace slag cement.

14 Eturned to laboratory 1959. (Sheet 2) -
t Portland cement.
tt Nat ceo . natural cement.
rn A satisfactory re-iing was not obtained although an attempt vas rAde to obtmin one.

Mr



(Revised August 1980)

Table I-PFS (Continued) Section 11~Exposure Rackp Row 5 (W to E)

1 1 6195 1 2017 2174 2314 253 2565 2711 2788 2935 3028
Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

Bezm No. Cement U_ %E_ __ E %E _%E fZ %S _E %E

33T-38 FS* No. 1 126 126 12h 121 118 97 105 107 NR N
3ST-42 122 123 118 117 115 128 H
3ST-44 103 102 94 UH D
3sT-46 99 98 97 NH 0
3sT-48 115 116 Nr NE D
3ST-50 119 121 114 117 D
3ST-52 117 118 111 114 D
3s7-54 126 12 138 H D
4sT-56 PFHS No. 2 125 126 125 128 116 NR 98 98 118 1114 118 123
4ST-60 125 126 125 132 NR NR NHR R D
4ST-62 113 116 106 113 NR NR M

148T-6a 122 12:! 124 120 NR NH H NH D
4sT-66 120 123 15 116 NH NR M N
I ST-68 119 119 114 119 NH NH M N
4ST*70 121 119 110 114 107 140 137 142 136 124 130 133
4ST-72 120 !20 113 118 NR NR N N

5ST-74 PBFS No. 5 106 110 14 1 . 104 105 107 107 NR D
5ST-76 13 10 4 102 99 92 94 R MR D -
5ST-78 109 107 107 103 97 100 97 99 133 137 142 1143
5sT-82 111. in1 112 107 104 104 N N
5ST-814 108 110 108 99 97 99 100 101 114 113 NR D
5ST-86 111 109 108 104 102 97 99 99 D
5ST-88 110 110 107 105 102 96 88 90 96 96 105 106
5ST-00 103 102 102 96 95 70 77 78 100 106

6sT-92 PuFsNo. 6 120 120 120 116 112 101 ill III 106 NH D
6ST-96 126 124 125 120 115 114 114 115 R NR D
6ST-98 120 121 115 110 107 113 113 114 D

3 6ST-100 119 118 117 112 110 108 108 111 NH D
6s-1o2 125 124 124 120 116 117 117 117 JR D
6ST-101 116 114 113 110 108 104 104 106 108 112 123 125
68T-106 117 119 117 112 105 87 NH NH D
6ST-108 117 115 113 106 9 92 93 95 91 H NR D

7ST-112 PHI'S No. 7 118 117 117 109 106 105 103 105 103 NHR S7T-11U4 118 116 116 1114 106 lo9 108 110 104 N
7ST-16 122 121 119 114 11 109 107 112 o10 NR
7ST-118 125 126 122 116 111 11' 113 114 114 NR" 7ST-120 U 118 118 114 107 10 Z07 112 135 Ii8
7ST-122 114 I.:h lo9g 100 100 97 i 98 98 NR
7ST-124 )L9 111 10 95 103 92 92 94 92 94
7ST-126 112 113 ill, 108 106 103 126 17 130 132

8ST-128 Typ 11 PCt 118 116 115 314 123 113 118 120 118 119
OST-130 _1 132 110 116 105 14 114 116 105 31 12 127
8ST-132 106 110 108 117 99 107 107 in 112 117 120 122
8T-134 120 119 118 113 1 0 123 121 122 112 124 125 123
8ST-138 117 1151 111 111 105 119 116 118 n4 117 118 120
8ST-150 117 11 114 11 112 10 2131 M 1 27 127120
8T-1542 116 1114 11 112 109 1 9 117 118 119 138 139160

8s-514 11 110 112 112 121 139 11H NH 2 16 5
9ST-16 PBS No. 8 112 100 108 10 0 1 1 12 1h 114 I D NH N
96T-168 103 105 103 109 105 6 19 118
9ST-150 117 101 4 1 15 107 116 119 120 120
9ST-152 116 116 114 106 123 118 10 10
.8 9ST-15, 113 100 112 102 121 139 9M 9R
9ST-158 101 100 a00 00 115 83 NH R N
10847sT-162 1051 10 1 10 1 109 88 4R pRS9ST-162 106 104 105 107 116 104 105 :35

10IST-166 FBFS, 80%; 102 100 98 108 109 93 96 96 .
losT-168 it cem A, 82 82 83 92 65 85 KH RE !

iosT-174 99 101 99 103 97 IO 102 102
10ST-176 106 104 102 103 96 76 91 89
10ST-178 102 103 101 97 95 8o NH NR
10T-180 93 91 91 Broken

(Continued)

( *Portland blast-furnace sing cement. (Sheet 3)
t Portland cement.

tt IFat ca - natural cement.
NP A satisfactory reading was not obtained although an attempt was wade to obtain one.

0Speaiienxs o deteriorated that no re*Adng can be obtained.
w misin.

EM 
-M-M-

Q j--



(Revised August 1980)

Table I-SSFE Section 12

Record of Testing of Concrete Specimens for Specimen Size-Frost Effects Investigation

1968- (Installed Dee 1968)

Exposure Rack

0 Cycles, 1 139 292 Readings758 897 1009
Air Pule Cycles Cycles cycles Cycles Cycles Cycles Cycles

Specimen Content* Veloc 1 1970 1971 1972 1.3 9

-1/2- by 4-2 /2- by 16-in. Bens

R0s-4A 4.3 1oo 15,465 1oo 1o2 1 07 10 100 118 91 118 1o2 n5 96 116 119 116 80
RoS-4B 4.3 100 15,930 100 104 99 lio 96 119 82 119 96 117 94 118 110 118 57
Ros-4c 4.3 100 16,42o 100 101 95 108 89 119 78 119 89 119 93 118 105 119 64

ROS-4 4.6 100 15,74o 1oo 102 1O4 108 101 118 86 120 94 121 I1 120 95 118 66
ROS-:5B 4.6 100 16,42o 100 100 1oo 109 93 119 79 117 85 117 103 118 11 118 10
ROS-5C 4.6 100 16,42o i00 99 95 1io 91 120 83 118 91 118 98 119 105 118 70

ROs-6A 4.2' 1O 16,120 1o o 1 99 Il 94 119 84 117 96 117 96 116 105 117 73
ROS-6B 4.25 100 16,320 100 100 9 10 88 118 75 116 90 118 99 120 103 120 70
Ros-6c 4.2** 1oo 16,320 ioo 1i1 90 o10 84 117 75 115 84 120 104 119 105 120 67

6- by 6- by 30-in. R s.

Ros-1 4.o 1oo 14,795 100 100 114 115 112 11 92 109 99 109 112 109 127 109 152
ROS-2 4.4-* 100 14,705 100 102 116 126 111 121 90 118 99 116 101 118 123 116 150
ROS-3 4.8 100 15,335 100 100 105 108 104 101 81 102 98 104 98 104 113 io4 130

: ~2-ft Cubes

ROS-1 4.0 100 15,210 100 t 101 t 99 t 82 t 101 t 102 t 119 t 150 [
ROS-2 4.4* 100 15,265 0 t 100 t 94 t 78 t 93 t 103 t 112 t 141 i
ROS-3 4.8 100 15,150100 t 100 t 97 t 80 t 100 t 97 t 110 t 106 -

18- by 18- by 3
6 -

in. Prisms

ROS-4 4.3 100 15,750 100 94 102 106 99 107 89 105 95 108 105 109 105 109 109
ROS-5 4.6 100 15,545 100 94 102 102 100 114 87 116 99 116 105 116 108 116 111
Ros-6 4.2'* 100 15,425 1oo 97 103 108 100 108 go 108 101 108 Ill 108 1o8 1oe 109

1976- Readings
1155 1232 1379 1472

Cycles Cycles Cycles Cycles

%E V2%E __%V %E % V2I L.I Y

3-1/2- by 4-1/2- by 16-in. Beam

505-4A 4.3 113 113 113 91 113 104 113 22
ROS-4B 4.3 116 105 116 87 117 95 118 21
ROS-4C 4.3 121 100 117 85 118 89 119 20

ROS-SA 4.6 102 116 114 87 121 93 121 21
ROS-SB 4.6 119 105 120 89 121 89 119 20
ROS-sC 4.6 121 100 120 87 121 87 122 20

wOS-6A 4.20" 118 98 117 93 117 69 118 21
ROS-fB 4.2"0 115 100 117 89 108 81 113 19
ROs-6c 4.2" 117 105 117 70 108 86 113 19

6- by 6- by 3o-in. Reams

-OS-I 4.o 109 119 1oT n6 109 114 104 19-
ROS-2 4.4" 112 114 119 116 116 ill 112 119
ROS-3 4.8 100 100 102 101 102 105 96 101

2-ft cubes

ROS-I 4.0 t 112 t 112 t 105 t 106
ROS-2 4.400 t 100 t io6 t 91 t 103
MoS-3 4.8 t 102 t 108 t 97 t 98

18- by. is- by 36-in. Prisms

Ros-4 4.3 106 108 107 103 99 105 107 o7
sROS-5 4.6 118 110 118 106 120 110 118 107
Ros-6 4.2" 112 110 112 104 110 189 108 114 --

' Air content d 3lned on each batch; six batches of concrete vere made for this Investigation.
's" Slump vas 2-1/ in. for these batches; aSump of all other batches of concrete vas 2 in.
t Unable to obtain satisfactory flexural frequency reading on these cubes.



(Revised August 1980)

Table I-TP Section 12

Record of Testing of Trumb I Pond Dam Concrete Prisms

1972- (Installed June 1972)

Exposure Rack, Row ,
Ceaetltioiu N- 1972-1975 Readings

Water- terial, lb/cu yd 0 Cycles, 1l72
Cement Type II Pulse 140 Cycles 276 Cycles 388 Cycles

Replacement Ratio Portland Velocity 1973 1974 19

Prism No. Material by Wt Cement Fly Ash IL fps.I V
2  

g& L.. EL SW2  SE % .V

Cem-l None 0.66 273 0 100 13,760 100 113 111 113 103 109 98
Cem-2 None 0.66 273 0 100 13,890 100 117 101 115 106 114
Cem-3 None 0.66 273 0 100 14,220 100 I01 108 100 105 99 126

FA-1 Fly ash* 0.63 192 79 100 13,335 100 118 103 113 108 108 107
FA-2 Fly asn* 0.63 192 79 100 13,275 100 125 116 121 106 116 98
FA-3 Fly ash* 0.63 192 79 100 13,335 100 120 92 106 58 106 End gone

- Re~dne
534 Cycles 611 Cycles 75t Cycles 051 Cycles

1976 197 1T8 17

Cem-l None 0.66 273 0 75 NR HR R Failed
Cem-2 None 0.66 273 0 109 102 77 106 NzR 1O4 NR 106
Cem-3 None 0.66 273 0 100 91 47 97 NR 105 NR 88

FA-1 Fly ash- 0.63 192 79 119 NR 62 NR Failed I -
FA-2 Fly ash* 0.63 192 79 106 NR NR NR Failed
FA-3 Fly ash* 0.63 192 79 Failed

tic .

F f Fo

35 percent replacement by solid volume; all Prisms contain type 11 Portland cement.
NR Oenotes a satisfactory reading could not be obtained. _

-~ - ~~ii~lf



(Revised August 1980)

Table 1-4.5A Section 14

Record of Testing of Prisms Made for Investigation of' 4-1/2-10. Aggregate Concrete

1968- (Installed Dee 1968) xp re a.o,
" Exposure Rack, Raw 2

1968-1972 Readings

Water- Cement 0 .1968 139 292 461 616

cement Factor Cycles Cycles Cycles Cycles
Replacement Ratio bag1969 1970 1971 1972

Prism No. Date Made Material b t cu yd fs 2IV V VMix 1, Rdi I Oct 1967 None 0.8 2.30 100 16,i30 !O 87 102 106 99 105 73 91 62
=Rd 2 oct 1967 None 0.8 2.30 I00 16,130 loo 96 i01 i05 99 lo4 61 91 N *

Mix ,Rd 1 No 1967 None 0.9 2.0] 100 1099 103 I2 O 101 83 89 81Rd 2 D ec 1967 No n e 0 .9 .o 4 oo 16 ,o 45 100 99 99 9 i P 2 87 66 N R 3 =

ix 3, Rd 1 Apr 19 None 1.0 1.% 100 15,7 5 100 95 103 88 95 83 69 82 WK

Rd 2 July 1968 None 1.0 1.84 100 15,750 100 97 103 110 99 109 75 Failed. NE

Mix 4 Rd I Apr 1968 Fly ash* 0.8 2.4o 1oo 16,440 100 93 104 122 98 108 76 110 86

Rd 2 July 1968 Fly ash* 0.8 2.40 10 16,o45 100 89 99 120 96 116 79 111 91

mix 5, Rd June 1968 Fly ash* 0.9 2.14 100 15,790 100 95111 106 107 106 86 99 96
Rd 2 July 1968 Fly ash* 0.9 2.14 100 15,665 100 90 108 103 105 103 84 100 65

mix 6, Rd1 1 July 1968 Fly ash* 1.0 1.94 100 15,625 100 101 102 65 9r7 Failed 78 F'ailed 58
Rd 2 July 1968 Fly ash* 1.0 1.94 100 15,545 100 97 107 105 96 103 75 84 84 1 A

197-17 ednsI
758 Cycles 894 cycles 1000 Cycles -1152 Cycles 1229 Cycles

%E %V2 %E _V2 %E %V2 %- -V

ixL, Rd I Oat 19
6

7 None 0.8 2.30 77 86 75 61 72 67 93 14 90 18
R! 2 Oct 1967 None 0.8 2.30 NR - Failed

Mix 2, Rd 1 Nov 1967 None 0.9 2.4 92 9 98 Failea
Rd 2 Dee 1967 None 0.9 2.04 Failed

Mix 3, Rd 1 Apr 1968 None 1.0 1.84 NR NR Failed
Rd 2 July 1968 None 1.0 1.84 Failed KR

Mix 4, Rd I Apr 19
68  

Fly ash* 0.8 2.40 101 98 92 92 92 95 95 37 -- Fail
Rd 2 July 1968 Fly ash* 0.8 2.4O 107 103 100 96 100 108 Failed

Mixi, Rd 1 June 1968 Fly ash* 0.9 -. 14 95 ill 86 103 86 111 66 50 73 48

Rd 2 July 1968 Fly ash
*  

0.9 2.14 93 10h 87 105 81 107 79 11 Failed

Mix 6, Rd 1 July 1968 Fly ash* 1.0 1.94 Failed 95 Failed
Rd 2 July 1968 Fly ash' 1.0 1.94 73 93 k 78 Failed

1978 Reading*
1376 Cycles

1978

%E %V2

Mix I, Rd 1 Oct 1967 None 0.8 2.30 Failed

Mix 5, Rd 1 June 1968 Fly ash* 0.9 2.14 Failed

- 30% replacement by solid volume; all prisms contain type I1 portland cement.
M KR denotes a satisfactory reading could not be obtained.

Xpa



(Revised August 1980)

Table I-SIC Section 15

Sulfur-Infiltrated Concrete Specimens (Installed August 1276)

Exposure Rack, Rov 9
1976- Readings

Specimn 0 Cycles, 196 77 C les. 1977 224 Cycles. 1976 317 Cycles. 1979
No. Pulse 'Jeo. Vo 5 %V2 %V2

k. x -in. Cylinders

81-6 il,.62o 96 102 77
82-6 15,360 89 97 70

-83-6 15:360 93 78 65
84,-6 15,505 87 91 71
85-6 16,500 79 77 58
86-6 14.185 80 88 433

87-6 15,875 83 87 68
88-6 15.505 86 91 68
89-6 16,105 85 81 71
81-7 15,150 88 88 66
82-7 16,835 77 74 60
83-7 15,360 89 97 60

Bk-7 15,875 8T 81 51
o5-7 16,665 81 76 67

186-7 13,550 101 89 63
8T-7 16,180 78 88 68
88-7 15,505 B? 91 6

89-7 16,o25 85 78 69

3- x 6-in. Cylinders

81-7 15.150 110 106 8J4
81-8 14.880 120 13.6 106
81-9 14,97o 10g 109 86
81-10 15,060 108 131 69

f82-7 15.24.5 108 105 73

82-B 15,43D 106 117 86
82-9 15,625 107 89 79
82-10 15,625 107 89 79
83-7 15,060 108 108 66
83-8 15,245 105 93 93

83-9 15,335 104 98 74
83-10 15.23.5 102 99 88
84-7 15.24.5 112 112 8

84-8 15,825 98 in1 82
84-9 15,825 in1 98 92

84.-0 15,430 109o9 91
85-7 15.825 10k 919 59
65-8 15,4.30 109 86 91
85-9 15,.430 109 10g 73
85-10 15,060 115 95 69

86-7 13,890 112 119 106
86-8 14,285 106 136 95
86-9 14.970 97 109 7
86-10 1k,795 13.2 112 88
87-7 15,150 110 100 72

87-8 14,-,05 117 100 91.

87-9 14,705 117 128 80
87-10 14,705 109 113 72
88-7 13.,970 109 102 60
88-8 14,88o 120 100 100

88-9 1k,705 109 113 100
88-10o 1k,m8 12-0 129) 106
80-7 14.880 113 120 8
89-8 lh.970 102 102 9

89-9 lk4095 102 in -

89-10 14.,97o 102 -

4 i



___

(Revised August 1980) Section 16

Table I-RCC

Record of Testing for Roller Compacted Concrete

(Installed at Treat Island in August 1977)

Exposure Rack, Row 6
1977- Readings

0 Cycles, 1977 ''147 Cycles, 1978

Pulse Pulse
Beam Velocity 2 Velocity %
No. %E fps %V %E fps,

17257-7 100 13,160 100 Failed

17257-8 100 12,930 100

17257-9 100 13,045 100

17258-7 100 l4,020 100

17258-8 loo 14,150 100

17258-9 100 14,425 100

f ---

N17



(Revised August 1980)

Table I-LTS (Continued) Section 17

(Installed at Treat Island in July 1955)

1975- Readings

cement 2729 2875 2952 3099 3192
Sp c- e o leCycles Cycles Cycles Cycles

Spnec- ep P 1976 1977 1978 1979

Noo. _ % _ %E %E %E

5693C IV 43AO 125 * 137 Failed
5694C 121 4 121 135 136 1.9
5695C 105 4 123 95 100 110

5696C I 21 102 * 113 97 N N0
5697C 112 $ 136 112 123 123
5698C 100 # 100 117 110 123

5699c IV hl* 110 # 107 108 INs 117
570C I * 108 128 130 131

5701C 106 T 107 107 113 113

5702C 1 16 97 4 106 122 133 131
5703C 96 t 1o 102 105 112
570.C 112 * 112 117 122 12

5705C V 51 98 * 121 121 133 137
5706C 95 t 10o 68 68 72
570"7C 69 88 88

5708C 1 13 93 4 99 91 89 99
5709C 101 4 102 99 106 111
5710C 31 4 ll. 125 123 123

5711C I 11 126 4 128 139 115 113

5712C 127 4 130 136 151 11.6 I-
5713C 132 * 132 11.7 153 159

j5711.C 11 23 135 # 137 139 151 138
5715C 128 4 129 136 150 153
5716C 129 4 132 112 138 112

5717C I 25t 136 * 31 150 151 118
57180 130 * 132 11.3 136 154

5719C 126 * 126 133 111 141

5720C I 193 125 4 127 133 112 112
5721C 130 4 137 138 14c9 1.9
5722C 127 * 128 135 NR R

5723C I 190 136 4 137 137 119 160
5721c 139 * 13.9 14o 128 132
5725C 130 4 130 133 140 10

5726C I 12*t 132 4 137 137 11.3 136
5727c 131 t 132 130 139 137
5728C 133 4 133 130 113 16

5729C I 17 128 4 128 130 136 138
5730C 130 4 131 130 128 132
5T31C 118 # 122 Failed

5732C III 31tt 1 1
-  

# Failed
5733C 154 * 151. Failed
5731.C 156 * 156 Failed

5735C I 15 131 * 133 Failed
5736c 106 4 110 Failed
5737C 110 * 125 110 118 117

5738C II 22tt 117 4 118 129 117 117
5739C 3 131. 132 132
5740C 136 4 136 Failed

( (C~tined I(Sbeet 9)
* Cements .3 and 4.3A made at same plant.

Cements 11., 2%. and 1.1 made at sate plant.
t Cements 25 and 33 made frc so mejor r w saterials.

ft Cements 12, 22, sod 31 made at sae plant.
* End of specimen too rough to obtain satisfactory reading. data discontinued.

rpecl -n r. re~lni



II
(Revised August 190)

Table 1-LTS (Continued) Secticn 17=

(Installed at Treat Island in July 1955)

1995- Readings
Cemen 2729 2875 2952 3099 3192

c Ce o- Cycles Cycles Cycles Cycles Cycles
1975 1976 1977 1978 1979

Imen gram
No. T U No. LX E % E XEE % E

5741c III 33t 147 * 150 Failed
5743C 139 * 113 140 NR KR

57414C I 14
*
" 115 1 1M 1. 150 148

§ 5745C 119 * 121 119 137 137
574.6c Misaing

5717C II 2400 124 S 123 12 119 112
57'.5C 118 * 119 13. 14.6 14h1
5719C 113 * 117 117 106 108

5750C I 19A 129 t 130 135 139 110
5751C 127 * 132 132 139 139
5752C 131 4 133 133 115 155

5753C I 18 107 Failed
5751C 115 * Failed

5755C 134 * Failed

57560 IV 13* 133 * Failed
5757C 123 $ 123 Failed
5758C 128 4 128 130 128 129

57590 II 22* 112 4 112 127 133 13.
57600 131 4 133 11 171. 165
5761C 134 * 139 135 14.1 11.2

5762C IV .30 120 * 122 120 126 134.1 5763C 132 * 133 132 133 136
5761C 125 4 125 125 NR SR

57650 II 25t 129 4 130 128 136 135

5766c 12L * 126 FailedI 5767C 121. 1 124 126 126 L27

5768C II 23 118 * 120 119 126 132
5769C 119 * 120 119 136 136
5770C 133 * 133 122 126 127

57T1C I 17 116 1 116 116 133 131

57720C 126 * 121. 120 12>6 12h.
, 5773C 110 1 112 112 XR

571.YC IV L30' 130 $ 128 160 160 15
5775C 133 $ 13 137 133 131

5-760 11.2 * 11.1 11.2 162 160

5777C I 16 121 4 132 133 NR
5-778C 119 * 20 115 124 122
57790 130 * 124 123 152 150

5780C III 31tt 136 * Failed
5781C 263 4 Failed

5782C 160 * Failed

5783C III 33t 157 4 Failed
57W8 155 * Failed
57850 156 t Failed

5786C I i2tt 107 * 110 110 156 150

5787C 111 4 115 117 122 122
5788C 117 * 117 122 133 136

5789C I 19 129 4 130 112 117 113
5790C 130 * 125 133 112 11
5791C 119 $ 119 111 121 121

5792C I 190 131 * 130 126 129 127
5793C 101 * 103 103 103 10
5794C 128 4 132 133 .11. 163

(continued)

9 CeMenr '.3 and 1,3A made at sam Ilant.
SCements 11., 249 and 41 mde at ae plant.

t Cements 25 and 33 made fro m major raw aterials.
ft Cements 12. 22, and 31 made at se plant.

End of specimen too r-ng to obtain satisfactor7 reading. %2 data discontinued. (eet 10)



(Revised August 1980)I : Table 1-LTS (Continued) Section 17

(Installed at Treat Island in July 1955)

Sment 2729 2675 2952 3099 3192 5mi
-- |Cmn Cycles cles Cycles Cycles CyclesiSpec- C r
Pro 197 1976 1977 1976 1979 L

57 9,C I 1,sON 135 t 130 128 130 137
5796C 112 * 1.13 155 NR I(
579Tc 101 4 106 107 109 110

5798C 1 11 125 4 119 119 137 135
5799C 112 * 11.2 112 112 166
5800C 11.1 # 116 130 118 11.8

55m0c 1 21 129 * 12 12 13 131
5802C 112 * 113 115 11.. 111
5803C 116 4 126 n6 121 121

5801.0 Y 1 16 $ 116 120 1 139
500115 4 115 Failed

5806C 99 4 103 108 113 113

580C 1 18 112 * 115 16 n4 112
58 6C 1242 1 152 1L7 14. 11.4_
591C 120 $ 123 In 1-6 132

5810C II 21A 102 4 10 107 112 11ie
58110 95 * 101 103 156 120

520 125 * 126 128 133 131

*8 1 I 13 123 4 11 111. 13 112
5811.0 91. 4 10L2 in2 1 126
5815C 122 * 121 125 3 17 121

5816c iv Li*& 125 $ 126 127 131 131.
5817 115 4 n16 117 119 119
581W0 120 * 117 119 127 130

5819C I 19A 119 4 117 116 128 126

582Wc 135 $ 131 131 125 141
5821C 130 $ 129 Faned

5822 1 15 117 115 Failed
5823C 119 4 125 91 121 119
5621C 131 4 136 13' 120 121

5825C I 190 130 f 135 1 153 139
526C 126 * 126 129 126 Z-
5B2rC 138 4 14.3 14.3 138 11.1

58280 1 11 116 $ L 11 -13 130 129
5829C 130 137 130 130 128
5830C 120 4 123 12 . 123 123

5831C I 19A 12 121 Failed
5832C 129 4 129 130 129 11.0
5833C 120 139 128 126 I126

5831. IV 430 119 t 122 Failed
58350 122 * 127 Failed
5836C 11 126 Fale led

5-31C 1 18 121 ae30 Failed
358300 153 1 66 155 126 129

58390 115 121 132 132 135

58hoc 1 15 121.4 Failed~II581.10 122 4 Failed
584.20 ilk. * Failed

5843c 9ir 33t 125 4 Failed
Bh%1. 11.8 4 ailed

5815 11.1 Fall,-d

581.60 rV 1.3" 131 8 Failed
581.1C 90 4 Failed
581.8 91 4 Failed

(continued)

SCemnt 43 and h A md a *,me .plant.
00 Cements ., 21, and 1.1 mde at sme plant.
t Cements 25 and 33 made freem ae major raw mterials.
# End of specimen too rv.%h to obtain satisfactory reading. %V2 data discontmed.

=-prelt W
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(Revised August i930)

Table '-TS (Continwed) Section 17

r (Installed at Treft'. Island in July 1955)

1975- Readings

Ce 2729 2875 2952 3099 3192
Sp c- p-ot Cycles Cycles Cycles Cycles Cycles

Spec gnr 1 1976 1977 1918 1979

NO. W NO- %E%2 EX
5849C 1 16 119* 124 118 90 9
585DC 127 t 127 129 131 133
5851C i12 $ 115 111. 315 318

5852C 13 106 $ 103 10! 121 In
5853C 119 4 120 120 15. 147
585,C 123 * 13a !34, 140 140

5855C III 3ltt 155 S 166 158 145 162
5856C 123 t Failed

5857C 162 S 178 Failed

5858C II 24*0 127 $ 132 132 127 121
5859C 121 * 122 Failed
556CC 70 * 62 128 T117 n6

5861c 1 1400 96 t 91 91 IV' r O
5862C 116 * 115 117 116 11"
5863C 115 * 118 105 .13 1u4

5861. 11 23 11. $ 117 1,L 119 12
5865C 77 t 709 7 0 M)
596 97 * 102 Failed

5867C II 21 108 * 110 112 IM
.  

M
5868C 112 * 116 118 119 122 I
58690 * Failed

58700 I 193 Ii). * 117 224 126 '26
sf710 120 t 125 127 O0a 108
5872C 99 107 109 9:. 93

5873C 1 12t 87 * 92 92 102 101
5871.0 109 $ 112 112 115 117
55750 127 * 123 121. 119 11

58760 V 51 125 * 127 127 126 210587C 88 * 95 Failed

58780 123 * 126 128 126 126
58790- IV 1.i" 121 t 124 125 118 12050M 113 ' 114 u 4 120 113 _

s588ic 16 * 115 135 117 118

58820 1 17 11L * 112 112 U18 in7

5883C 125 4 123 123 123 123
-88 C 123 * 12h 125 116 -10

5885C II 25t ll 
"  

$ 111 116 131. 113
5886C 115 * 13 119 11 119

588c "13 * 135 136 flE 12-

5889 I1T 120 152 12-8 127

58W90 130 4 133 158 18 116 1--

'Ccets 1,. 21., and hi made at some plant.

SCements 25 a 33 made fra same maor raw a.terlals.
*t Cements 12, 22, and 31 made at see plant.
SEnd of specimen too ro-.gh to obtain stisfact rT reading. -- data discontinued. (Sbee 12)



(Revised August 1980) Section 18

- :Table 1-NED

Record of Testing of Concrete Specimens from Charles River Dam, and

Smelt Brook Local Protection Project (Installed August 1976)

Exposure Rack,. Row 3
1976- Readings

0 Cycles 77 Cycles 22k Cycles 317 Cycles
1976 1977 1978 1979

Pulse
Beam Veloc

No. %E fps %V2  %E %V2  %E %V2 %E %V

1 loo 16,ooo loo 1OO 98 118 103 109 98
2 loo 16,130 100 lO6 97 -1 110 il 98
3 100 16,000 100 107 98 107 105 105 102
4 100 17,240 100 113 88 117 98 113 93
5 100 17,700 100 lO8 89 iii 95 il 93
6 100 17,240 100 115 95 109 83 107 86

7 1oo 16,130 100 107 91 109 102 Il 92
8 100 16,260 io0 lO6 97 .05 102 107 105
9 100 15,750 100 105 105 105 120 114 100

10 i00 16,130 100 116 97 109 107 110 98
11 1oo 16,530 100 112 91 112 101 112 94
12 1oo 16,0oo 1oo il 95 11 100 113 100

13 100 15,750 1oo lO8 97 109 105 108 102
14 100 15,875 100 105 97 lO6 100 106 100
15 100 15,750 1)0 107 98 108 101 106 103
16 100 15,875 100 105 98 106 106 10k 100
17 100 16,130 100 99 95 108 100 102 100
18 i00 16,260 I00 107 95 109 98 106 100

-- _ _



--(Issued August 1980) key tc Section 2.9

Coficret, 4'wolymer Materials

In.,text:.

Aggrgates i Coarse, qaturia gravel, Clear- Creek

-Fine, natiraJ sand, Clear Creek

Cemnt TpeIIblended (M4800i. ' )_~uu

PIC Ztalyrst: D-A79

Vinyl- E ter -Resin: -DoVw Dea e 4701

If4
-L'7,



(Issued August 1980) Section 19

Concrete-Polymer Materials

In July 1978 twelve 6- by 6- by 30-in. beams were installed at

half-tide elevation for the Water and Power Resource, Service (formerly

USBR) to investigate the durability and performance of polymer and

polymer-impregnated concrete. The polymer concrete specimens represent

two mixtures, one usiri methyl methacrylate (MMA), and one using vinyl

ester (VE). The polymer-impregnated specimens are portland cement con-

crete (PCC) that was impregnated with MMA by vacuum and pressure soak.

The program also includes control specimens of portland cement concrete

with no treatment.

Table 1 contains pertinent data on mixture designs. Table l-CPM

contains the exposure records of the specimens to date.

A

EM

J

I

= - .-



(Issued August 1980) Section 19

Table 1

Mixture Design Data

WPRS Concrete Specimens for Tests at Treat Island, Maine

Material Design Data=2

Portland Cement Concrete (PCC) Aggregate - natural sand and gravel
Gravel - 57 percent, 3/4-in.
maximum size

Saad - 43 rercent
Cement - Ty-e II blended laboratory

cement, 672 lb/yd3

Water/Cement ratio - 0.43
Slump- 3 in.
Entrainea air - 3 percent

28 day fog cure
Compressive strength 6000 lb/in.2

Polymer Impregnated Concrete (PIC) PIC specimens made from the PCC
specimens
Full impregnation (vacuum and
pressure soak

Monomer -MVA

Polymer loading - 5.3 percent

Catalyst - 0.5 percent

Polymer Concrete (PC) Aggregate - same as PIC and PCC
MMA - PC
Monomer - 7 percent (97.5 percent
MMA + 2.5 percent TMPTMA)
Catalyst - 1.5 percent BP
Promoter - 0.5 percent DMA
Coupling agent - 0.5 percent

silane
VE - PC

Resin - 7.5 percent vinyl ester
Catalyst - 1.5 percent MEKP
Promoter - 0.5 percent CoN
Coupling agent - 0.5 percent

silane

RO



(Issued Augi )8o) Section 19

Table 1-'.

Record of Testing for Coa,. te-Polymer Materials

(Installr4 July 1978)

Exposure Rack, Row 7
1978- Readings

0 Cycles 93 Cycles
1978 17

Pulse
Beam Veloc2

No. %E f Ts V %E %V2

PCC -1 100 13,965 100 109 98

2 100 13,965 100 106 99

3 100 13,965 100 102 99

PC-1 100 16,130 100 158 8

2 100 16,130 100 158 84

3 100 16,130 100 156 85

EAMMA - 1 100 15,245 100 91 93

2 100 15,335 100 98 94
3 100 15,530 100 98 90

VE - 1 100 13,660 100 152 96
2 100 13,515 100 3 ~3 93

3 100 13,660 100 154 91

- 4 -



(Issued August 1980) Key to Section 20

Cement :Replacement and High-Range Water-Reducing Admixtures

In text and tables:

Aggregates: The aggregates were supplied by Brunswick Ready-Mix
Concrete, Ltd., Aggregate Division, P. 0. Box 270,
Grand Bay, New Brunswick, from their Blagdon Pit.

Air-entraining admixture: The air entraining agent was supplied
by W. R. Grace & Co., Ltd., 66 Hymus Rd.,
Scarborough, Ontario, in a plastic con-
tainer labeled "Darex AEA Liquid." This
material was supplied by this firm in
response to a request for a sulphonated
hydrocarbon, type A.E.A.

Cement: The cement was supplied by Canada Cement Lafarge, Ltd.

Slag: The slag was delivered in metal driuns from Standard Ind.,
Hamilton, Ontario.

High-Range water reducers: "A" - Mighty 150, Atlas Chemicals,
Brantford, Ontario.

"B" Melment LlO, Sternson, Ltd.,
Brantford, Ontario.

__-__ __ __ __
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(Issued August 1980) Section 20

Cement Replacement and High-Range Water-Reducing Admixtures

In October 178 concrete specimens from a Canadian research program

were installed at Treat Island to investigate the effect of cement re-

placement with slag and the effect of high-range water reducers on the

durability and performance of concrete exposed to severe weathering in a

marine environment. There has been a discussion of the possibility that
the construction of marine structures in the Maritime Provinces could

It is intended that the exposure tests will identify the possible bene-

fits from the use of these materials. The program will also provide data

on the effect of recently developed high-range water-reducing admixtures.

The variables include three water-cement ratios, two types of port-

land cement with or without slag replacement and with or without air

entrainment, and the use of two high-range water reducers. =

Tables 1-4 give information on the concrete mixture, the propor-

tioning, properties of the freshly mixed concrete, and aggregate gradings.

Tables 1-CR and 2-CR are records of testing of the concrete prisms and

cylinders over the years.

/i
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(Issued August 1980) Section 20

Table 1

Concrete Mixture Description

Series %Sa*Cement Type** Water to Cement Ratio

A01 0 10 0.4

02 25 10 0.4

03 25 10 0.4

A4 25 10 0.4

05 0 10 0.4

06 45 10 o.4

0T 45 10 0.4
08 45 10 0.4

09 0 10 o.4

10 65 10 0.4
U1 65 10 0.4

12 65 10 0.4

13 0 50 0.4

14 0 50 0.4

15 0 10 0.4

B01 0 10 0.5

02 25 10 0.5

03 25 10 0.5
04 25 10 0.5

05 0 10 0.5

06 45 10 0.5

0T 45 10 0.5

08 45 10 0.5

veight.-(Continued)-

SU. S. equivalent to cement type 10 and cement type 50 are type I _

and type V respectively. (Sheet 1) _



(Issued August 1980) Section 20

Table 1 (Continued)

Series %Slag Cement Type Water to Cement Ratio

B09 0 10 0.5
10 65 10 0.5

11 65 10 0.5

12 65 10 0.5
13 0 50 0.5

14 0 50 0.51:15 0 10 0.5
Col 0 10 0.6

2 25 10 o.6

3 25 10 0.6

4 25 100.6

50 10 0.6

6 45 10 0.6

7 45 10 0.6

8 45 10 0.6

9 0 10 o.6

10 65 10 0.6

11 65 10 0.6

12 65 10 0.6

13 0 50 0.6

14 0 50 0.6

15 0 10 o.6

(Continued)

(Sheet 2)
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(Issued August 1980) Section 20

Table 1 (Concluded)

Series % lgCement Type Water to Cement Ratio
1 ~~ 0S1I0.

2A I0 10 0.5
2AMI 0 10 0.5

4M 0 10 0.5
A4 0 10 0.5
6AME 0 10 0.5

(Sheet 3)
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(Issued August 1980) Section 20

Table 2

Properties of Fresh Concrete

ft3

Series Slump, in. Air Content, Unit weight, lb/ft

AOl 2-3/4 5.6 16.2

2 2-1/1 7.0 14.3.8

3 3-1/2 6.6 143.2

-- 14 3-5/8 6.8 142.4.

5 3-1/2 6.5 145.1 L

6 2-7/8 6.8- 14.6

7 2-1/14 6.4 14.2 L

8 2-3/8 6.5 144.5-

9 3-5/8 5.8 14.5.3

10 2-1./4 6.0 14.1
ii 3 6. 1o.7

12 3 6.1 .41.1

13 2-3/4 6.2 146.5

14 2-5/8 5.6 147.4

15 3 5.5 15.9

B01 3-1/2 6.5 143.7

2 3-7/8 6.7 112.8

3 3-5/8 5.9 14.2

4 3-3/8 5.5 .0--

5 3-3/8 5.5 14.8.2

6 3 6.1.4 1 i4

7 2-3/4 6.8 143.9

8 2-7/8 6.2 144.3

(Continued)

(Sheet 1) ..
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(Issued August 1980) Section 20

Table 2 (Continued)

3Series Slump, in. Air Content, %Unit weight, b/ft

B09 3 6.5 16.3

10 3 7.0 13.9

11 2-1/2 5.6 145.1

12 2-7/8 5.5 146.3

13 3-3/8 6.2 15.7

14 3-1/2 6.5 14.5.1
15 3-3/8 6.5 14. .6

Col 3-1/2 5.8 147.5
2 3-7/8 6.4 145.5
3 4 5.5 145.7

4 3-1/2 5.9 147.3

§ 3 5.7 14.5.1
6 3 5.2 14.5.3

7 3-1/2 6.5 143.2

8 3-3/4 6.2 143.4

9 3-1/2 5.4 ~ 14.6

10 3-5/8 5.5 14.6

11 3-5/8 6.2 144.2

12 3-5/8 5.2 145.8

13 3-7/8 5.4 14.7.8

1 4 5.3 18.2

15 3-7/8 6.o 145.7

(Continued)

(Sheet 2)



(Issued August 1980) Section 20

Table 2 (Concluded)

I.3
Series Slump, in. Air Content, Unit weight. lb/ft3

1 3-1/4 5.6 146.o
2 ANI Collapse 6.3 144.8

3 NI Collapse 0.9 152.2

4 2-3/8 1.5 152.3

1!5 ANE Collapse 6.2 144.4

6 ME Collapse 0.3 150.5

(Sheet 3) r ___
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(Issued August 1980) Section 20

ii Table 3

Mixture Proportions

Mixture Proportions, 1bfvd3

Air-Entraining
- Fly Concrete Agent

Mix Cement Slag Water Ash Aggregate oz/100 lb Cement

A0l 667 0 267 994 2016 0.86
2 492 164 270 971 1983 1.42
3 536 179 300 933 1919 1.08
4 533 178 305 921 1908 0.99
5 749 0 297 940 1931 0.93
6 41o 336 296 937 1923 1.86
7 409 335 295 934 1918 1.86

8 410 336 296 937 1922 1.86
9 750 0 299 940 1933 0.79

10 260 483 297 932 1917 2.44
UUl 262 489 302 920 1892 2.39

12 263 490 303 923 1898 2.39
13 661 0 264 1012 206 1.20
14 665 0 266 1018 2028 1.20
15 751 0 301 944 1942 0.84a

B01 555 0 272 1801 1969 0.82
2 413 138 271 1075 1958 1.10
3 417 139 272 1086 1977 0.99
4 390 130 255 1098 2040 0.99
5 539 0 271 1126 2063 0.76
6 308 253 280 1061 1987 1.30
7 308 252 279 1060 1985 1.30

(Continued)

(Sheet 1)



(Issued August 1980) Section 20

Table 3 (Continued)

Mixture Proportions, ib/yd3

Air-Entraining
Fly Concrete Agent

Mx Cement S Water Ash Aggregate oz/lO0 lb Cement

B08 309 253 281 1o62 1988 1.30

9 565 0 282 11o6 1996 1.00

10 196 363 280 1069 1977 1.69

11 197 366 282 1078 1963 1.52

12 199 369 28134 1087 2010 1.53

13 530 0 265 1110 2028 1.05

14. 528 0 264 1105 2019 1.05 -

- 15 558 0 279 1092 1973 1.05 1-
Col 476 0 286 31159 2060 0.92

2 353 118 282 1136 2037 1.10

3 353 118 283 1139 204O 1.03

14 336 112 268 1084 2175 1.o6
5 O450 0 269 1095 2103 0.92

6 248 203 269 1096 2106 1.38

7 2144! 200 266 1081 2075 1.59

8 244 200 266 1082 2077 1.47

9 448 0 269 1091 2095 0.92

10 158 293 270 1o6 2107 1.36

11 157 292 269 1072 2100 1.36

12 159 295 272 10814 2124 1.36

13 458 0 275 1315 2141 0.92

114 459 0 276 1118 2147 0.92

15 452 0 271 1099 2112 0.92

(Continued)

___ _(Sheet-2)
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(Issued August 1980) Section 20

Table 3 (Concluded)

Mixture Proportions, lb/yd3
Air-Entraining

Fly Concrete Agent
Mix Cement Slg Wtr Ah Ageae oz/l00 lb Cement

1563 0 282 1103 1993 0.81

2 AMI* 559 0 279 1094 1976 0.81

rd3 MI* 570 294 1150 20770

4 588 0 294 1151 2079 0

5 ME** 557 0 278 1091 1970 0.81

6 ME** 581 0 290 1137 2054 0 V

*High-range water-reducer "A" was added to mixes 2 AMf and 3 MI at
the rate of 0.59 and 1.63 lb, respectively, per 100 lb of cement.

~*High-range water-reducer "B" was added to mixes 5 AMdE and 6 ME at
the rate of 2.78 and 2.29 lb, respectively, per 100 lb of cement.

QJ(Sheet 3)
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(Issued August 1980) Section 20

Table 4

Sieve Analysis of Aggregates

Percent Passing

Sieve Fine
Size Aggregates Coarse Aggregates__

1-1/2 in. -100.0
(95-100)

1 in. -0.3
(20-55)

3/4 in. 100.0 7.9
(85.100) (0-15)

1/2 in. 59.0 -I 3/8 in. 17.4
4 (0-20)

.1No. 4 98.4 o.4
(95-100) (0-5)

No. 8 84.31= ,(80-100)
No. 16 73.C

(50-85)

No. 30 43.6
(25-60)

No. 50 20.6
(10-30)

No. 100 7.1
(2-10)

No. 200 1.3

Pan 0 -

* The aggregates were specified as follows: nonreactive graded aggre-

gates shall be used and shall be obtained from the Bay of Fundy area.
Maximum size shall be 1-1/2 in., and aggregates shall meet the re-
quirements of CSA A23.1.



(Issue. August 1980) Section 20

Table 1-CR

Reiord of Testing of Concrete Prisms

Cement Replacement High-Range Water Reducers

(Inntalled October 1978)

Rack Row 8
1979- IFeadings

0 C cleo, 1979
Pulse
Veloci Prism No. %E :- s V

AOl 10 14,565 I0
A02 13,825
A03 14,085
A05 14,150
,o6 13,760
A07 13,760
A09 14,285
AIO 13,955
All 14,285
A13 14,425

=BOI 114,150
B02 14,085
B03 14,425
05 14,565
B06 14,020
B07 14,565
009 14,085
R10 14,425
B11 14,355
B13 14.425

1cOl ,4,220
C02 14,285
C03 14,285
C05 14,495
co6 14,285
COT 14,495
c09 14,285
CIO 14,355
CIl 14,150
C13 14,425

14,285
2 13,760
3 14,925
4 14,850
5 14,085
6 14,780

M-2i

M jA-- ----a ~



( I s s u e d A u g u s t 1 9 8 0 ) 
S c i n 2

Table 2-CR
Record of Testing of Concrete Cyinders (6 by 2 in.)

Cement teplacmetlligb-Raje Water Reducers

Rack Rov 90 Cycles 1979 I70.-
Pulse

Cylinder Veloc
-No. fp -.

AOI-3 * 100

-4A02-3 12,500
-4 13,700

A03-3 14,285
-4 14,285

A04-8 13,890
-9 13,890

A05-3 13,890
.4 13,700O

A06-3 14,285
-4 13,700
-4 13,890

Ao8-14 13,700
-16 13,700

A09-3 14,285
-4 14,495

AIO-3 14,285
-4 14,285

A11-3 14,285
-4 13,890

A12-11 13,890
-13 14,05

A13-3 14,705

-4 14,705
Al.-? 14,285-12 14,705Ai5-U 14,285-9 14,925

B01-3 14,285
-4 .14,285

B02-3 14,085

-4 14,285
B03-3 13,890

-4 13,8"0

-15 14,705

85-3 14,085
-4 14,705

BG3 14,4925-4 14,095B11-3 14,925
-4 14,495

B8-7 14,925
-12 14,285o

B13-3 14,705
-4 14,905

814-11 14,705
-15 14,495

015-8 14,25
-9 14,285

C-1 14,085
B-3 14,705

-4 14,25
B13-11 14,5

-45 14,495

C-9 14,085

C0-15 14,495
CO-4 14,705

-4 14,705

0 3-3n14.u^35-4 Spcien 49ssng
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(Issued August 1980) Section 20

Ii Table 2-CR (Concluded)

Rack Ro 9
'I _ ___1279- Readings

0 Cycles. 1979
PEulse

Cylinder VeloCSNo. fps %11
2

Ic09-3 1'4.925 0
-4 1'4,285

C07-3 14,495

-4 1'4,495

- -iMc-6 14,495
-16 14,.705

C09-3 14.495
-4 14,495

I C10-l. 13,890

I -14 11,765

C13-3 14,o85
-4 1'4,085M -13 14,925
-1'4 1'4,495

C15-9 A',285
-8 1'4,085
1-3 14,495
1-4 1'4,085t

2Ami-4 13,890
-3 14,085 I.

4-3 14,925
1 14,495

5AME-3 1'4,085
1I -4 1'4,085

6ME-3 14,705
-4 1'4,085

I=

[-



(Issued August 1980)

Table 1.44 (Concluded) Section 22II __ _ ___ __Exposure Rack. Now 4 (W4 to E)

Water l4791j 1887 Raig
Cement Cycles Cycles
Ratio198.

Specimen (by Air2
No. wt) _A. %E %V2 %E %_2

Exterior. Nominal 4-ba;g-Per-cu-yd Cement Factor

Con-5-21(2) 0.!49 4.1 101 NR 63 R

Interior, Nominal -bag-per-cu-vd Cement Factor

Con-8-3A 0.59 4.6 68 R RNR
Con-12-8(2) 0.59 3.3 66 rR 78 R

IA

II

EI

-I

-Ic



(Revised August 1950)

Table 1-CRA (Continued) Section 25
Exposure Rack, Row 2 (W to E): i2 37-2Readir~a

c- 2 372 3990 13b 4213 4360 4F53
( al) Cycled Cycles Cycles Cycles Cycles Cycles Cycles tycles

imen Type bags/ Air 1972 19L3 1974 19T5. 19r76 1.2.... 1978 197
No. 1-ci e i - yd _L _g g E. 'E p%_L - _l. .E V2

2

Admixture A

ACSB Column 5.25 1.9 159 -- 244 - 172 - 179 - 163 -- 166 -- 176 -169--
A95C Beam 93 -- 143 - 128 - Gone

AO Column 4.5 2.0 165 -- 171 - 272 - Failed

Paraffin Oil

OC5A Column 5.25 3.9 01 -- 94 - 96 - 96 - Gone
OBSA Beam 120 -- 119 -- 117 - 122 - 119 -- 101 -1 1 - 161.- .

005B Column Ft --

OB5B Beam 120 -- 147 - 186 - Failed
0C5C Column 79 -- 72 - IR - Gone
Op5C Beam 62 -- 58 - 52 - 51 Gone0

OC6 Colum 6.0 5.6 164 -- 155 - N. - Gone
tO6 aeam 111 -- 102 - 00 Failed

Admixture 9

ZC5A Column 5.25 4.9 121 121 - 119 - 114 - Failed
ZBSA Beam 104 -- 176 - RR - Gone
ZB5B Beam 85 -- 91 - 172 - Failed
ZCC Column 100 -- 215 - 215 - Failed
ZB5C Beam 18 -- 102 - 209 - Failed

zc6 Colum 6.0 6.0 91-- 126- 95 75 Gone
zB6 112 112 78 82 Failed

Rerin Soap + CC12

CCSA Column 5.25 7.8 F -- Gone
CB5A Beam 85-- 62- xR- Gone
CC5B Column F --

CMB Beam F --

Resin

RCSA Column 5.25 6.5 116 -- 116 - 111 - 113 - .one
RC5A1 Column 114 -- 119 - NR - Gone
R58P Beam 122 -- 120 - 120 - 122 - Gone

RBSC Beam 97 -- 88 - 119 - 119 - 117 -- 108 - 135 - 122 -

Tallow (Beef)

TB5C Beam 5.25 4.0 F --

T96 Beam 6.0 3.6 83 -- N - F--

Admixture C

DCSA Column 5.25 6.5 105 -- 1o5- 96 - 87 - 18 -- 135 -
MA Bean 107 -- 112 - 105 - 105 - 78 -- 98 -

DCSB Column 106 -- 92 - 182 - 182 - Gone*
DB8 Beam 96 -- 92 - 132 - Failed
DC5C Colum F ..
D .

c  
Ream 72 -- F

DC6 Column. 6.0 6.1 88 122 - 153 - Failed
D6 Beam 95 80 - 157 - Gone

Admixture D

=5A Colum 5.25 8.0 105 -- 94 - 103 - 99 - 95 -- 130 - 133 - 162 -

H95A Beam 116 -- 114 - 14- 112 - 79 -- 79 - 73- 127--
HC5B Column 120 -- 128 - 123 - 118 - 133 -- 78 - 76- 70 -

B8 Beam 117 -- 24 - 114 - 1.16 -- .14 -- 126 -- 123 - 1 18 -
AC5C Column 252 -- 252 - 234 - Failed
285C Beam 79 - 6 - N B- Gone

wc6 Column 6.0 6.0 95 -- 9 - 96 - 90 n6 -- 16 -1 - a -_ _
m6 Beam 96 -- 138 - 90- 90 - 67 -- Failed

-- Dashed lines in %V column indicate that end of specimen was too rough to obtain satisfactory reading.
t F denotes specimen has failed. (Seet 6)

WB Denotes no reading obtained.

______ ~~~-~~ -- ~ ~ = -- ' # -
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(Revised August 1980)

Table I-OD Section 26

Record of Testing of Concrete Beams. Owha District Aggregate Program

1956- (Installed December 1956)

Eposure Rack, Row 2 (W to E)
195-1962 R eadings

Cement 0 124 Cycles, 1957 195 345 316 557 64
Fine Coarse Factor Cycles e s Cycles Cycles Cycles Cycles

Deen Aggre- Aggre- Type Air bags/ 1956 Veloc 1 1 1960. . 1961 1962
No._ gate gate Cement $ -

Oahe-1 Natural Limestone II, 6.1 5.32 100 116 15,245 100 117 108 123 98 121 100 121 102 115 105
Oshe-2 sand A

*  
low- 6.7 5.29 100 110 14,880 100 116 109 122 101 120 105 119 108 113 112

Oahe-3 aix 6.6 5.30 100 111 15,245 lo0 116 i06 123 98 119 102 11 108 113 13

S-0-1 Sand- Limestone I 7.1 5.81 100 106 15,430 100 108 107 113 103 110 103 106 105 90 104
S-G-2 gravel B* 6.4 5.86 Io 103 15,530 100 106 105 111 101 102 98 ?4 93 Ft --
S-G-3 6.3 5.86 1oo 104 15,625 100 108 105 114 101 ill. 102 103 101 79 --

75 )2 07 1050 100 1336 1521 1675

Cycles Cycles Cycles Cycles Cycles Cycles Cycles
1963 196 193 167 96

Oahe-1 Natural Limestone I, 6.1 5.32 116 100 114 105 109 111 111 103 109 105 107 98 107 92
Oebe.2 send A* low- 6.7 5.29 114 118 112 110 107 112 109 109 104 19 106 I00 108 95
Oahe-3 alk 6.6 5. 30 113 108 108 100 105 94 106 101 104 104 102 101 104 95

S-G-1 Send- Limestone I 7.1 5.81 41F 61
S-G-3 gravel B** 6.3 5.86 F

• I 170-1076 Readinrs==

1020 197 2154 2294 2430 2542 2666
Cycles Cycles Cycles Cycles Cycles Cycles Cycles

1970 1971 197 193 1974 1..925 1976...

Oahe-1 Natural Limestone I1, 6.1 5.32 105 90 103 74 oi 82 95 94 85 9h 83 113 91 96
Cahe-2 sand A* low- 6.7 5.29 103 94 103 78 96 82 98 81 84 95 82 I 82 86
Oabe-3 alk 6.6 5.30 100 93 00 74 96 79 98 93 82 93 82 115 80 88

17- .eadings
2765 b-912 30019

Cycles Cycles Cycles
197 1978 197

Oshe-1 Natural Limestone II, 6.1 5.32 95 92 93 87 71 -
Oahe-2 sand A* io- 

6
.7 5.29 7692 92 83 71 -

Oahe-3 elk 6.6 5.30 90 78 82 87 70 -

n-- nd of specimwn too rough to obtain satisfactory reading.
* tbzli SO alma a*g egte - 1-1/2 I.; slVp for this mix - 2-3/4 to 3 In.

Yluxinx sze aggregate - 1 In.; slump for this aix 2 in.
t r denotes specimen has failed.

-~=-~z~w --
1

' .
a~ NB
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(Revised Aagust 1980)

Table 1-D (Continued) Section 2
urre Rack, Row 2 (W to E

1972- M 9 Readings
Cement 20 2142 2278 2390 2536 2613 2670 2763Factor Cycles Cycles Cycles Cycles Cycles Cycles Cycles Cycles.

Bean miex ie-oas Fator 1912 19T 1974 197 .1716 1977 1978 192..

KC-5-1 5 Sand B Limestone 5.16. 96 66 98 79 94 82 88 70 92 48 84 4 * 62
KC-5-2 D 5.14 NRt 79 8887 8881846678 i6 80 * 96*
KC-5-3 5.15 74 65 93 83 93 90 93 107 85 # 81 a *l *!

IKC-6-1 6 Sand C Limestone 5.84 95 87 101 94 93 98 97 121 89 96 89 91 89 93 89
KC-6-2 D 5.83 89 78 91 90 89 93 89 75 85 94 85 80 81 88 75 *
KC-6-3 5.81 96 79 96 98 92 93 90 77 88 86 9- 84 93 84 $

1=

ND denotes a satifa~aoy reading va -ot obtained as specimen vvold not respond to flexural vibratin. (Sheet 2)
tO 34A of speclwzu too ro~gb to obtain reading. Uf2daa discotinued.



i(Revised August 1980)

Table 2-KCD (Continued) Section 27

Cement :M99 199 2085 219 2343 2420 26 -
F c al e 2s cycles Cycles Cycles Cycles Cycles Cycles

Bean tore Fine Coarse bess/ 1 9 19i 19T5 T "11
N o. A a. cuyd %V 1Z a _ a 1 2

Kc-8-1 8 S" BB dlestone 5.44, 99 79 101 10 95 91 95 117 93 87 83 72 72 67
WR-8-2 F 5.44 XR"t 55 XR 94 Failed
K-8-3 5AL7 20 68 MR 19 Failed

61919- Reading
2660

Cycles

,C-8-1 8 Sand BB Linestone 5.44 63 4

Fir

t S

K)~ ~ ~ a of *tscint r ugh ot btain duesto deroata discotinuo e e. et2_

-



(Revised August 1980)
Table 3-KCD Section 27

i xture Data and Record of Testing of Concrete Beem t Kansas City District Aggregate Program

1962- (Installed Novemer 1962)

ExnueRick, Powv 2 (W to E)
92-1967 Ra~g

Cement Cement 0t ie 106 21 404 53 690
ix-nReplace- Factor 0 Cycles Cycles Cycles Cycles Cycles

Bean ture Fine Coarse sent bags/ Veloc 9 196. 19"5 1966 1967
No. No. A ga te Agrgt Material uo yd t . fpsj %V2j Ls

KC-13-1 13 Sand V Limestone None 5.47 100 15,150 100 117 101 102 100 i102 1 100 101 94 104
KC-13- 2 F 5.44 100 14,795 100 103 102 103 105 104 116 100 100 :00 105
IKC-13-3 5.46 I00 15,150 100 103 102 103 99 101 112 99 95 93 104

KC-14-1 14 Sand E Limestone Fly ash' 5.13 100 14,535 100 102 104 102 104 103 130 101 98 101 105
KC-I4-2 F 5.16 I00 14,705 100 1!04 10 104 107 102 16 104 101 102 102
i K0-14-3 5.13 100 14,535 100 104 105 102 102 100 109 98 98 98 io6

KC-15-1 15 Sand E Limestone No e 5.37 100 15,06D 100 103 98 101 95 99 90 99 93 95 '95
K0-15-2 C 5.36 100 15,060 100 102 105 101 95 97 101 99 93 91 95
KC-15-3 5.38 100 15,150 100 103 104 101 95 100 100 100 86 100 92

16-973 RM~
6175 1029 11112 EnLWbI IW 141

Cycles Cycles Cycles Cycles Cycles Cycles
19 197 1971 192 1973

KC-33-1 13 SandS Limestou one 5.47 8 00 98 94 96 90 94 75 82 87 88 101
KC-13-2 F 5.44 97 1041lo 98 96 95 95 86 92 93 90 106
KC-13-3 5.46 97 10 Q9 94 97 90 96 75 89 75 93 87

IC-14-1 14 Sand E !.imestone 71l' as"' 5.13 10 1 1.0 99 102 97 99 97 71 =0 86 101 8
KC-1 t-2 F 5.16 10 1O5 l 2 99 102 97101 72 89 88 106 So

El 1c-14-3 5.13 100 105 98 99 9 951o6 68 ioo -- 122 86

1C-15-1 15 Sand Limestone None 5.37 93 98 91 87 93 84 101 56 103 77 76 8
KC-15-2 C 5.36 8o 85 80 76 A 75 F'
KC-15-3 5.33 84 81 84 7o 82 68 85 -- 8

4  - F F

1 9 1 - R e a d n g

95178J' 1896 2042 219 2266 2359
Cycles iCycles Cycles Cycles Cycles Cycles
1904 1975. .6~ ...2 1978 1979

1C-13-1 13 Send E Limeston one 5.47 82 101 8h 116 84 96 82 86 84 89 78
KC-13-2 F 5.4, 88 104 84 122889 8 90 88 9581 t
KC-13-3 5.1,6 91 82 85 n 387 90 87 92 95 96 87

KC-11-1 14 Send Limestone Fly ash* 5.13 68 85 50 65 XR XR -Failed
1C-14-2 F 5.16 100 82 71 101 67 NR Failed
KC-14-3 5.13 113 80 Failed

KC-15-1 15 Send Z Limestone None 5.37 63 76 Failed
C

* Fy ash content, 25 pexcn replacement by volume.
me denotes specimen D. failed. ~~re~ _

-o Dashed LnsIn 'V.Indicate that end o pcmnvstorn ooti aifcm edn.Z
Donates no satisfactory reading vans obtained.

f Nod of specimen too reb obtain reading. X? data discoatlnoed.

--1 i - : : ~~



I (Revlsed August 1980)

-,able 4-Bo Sectior 27
Mixtur Data and Record of Teti e, eans. Bans City fiatricl Aggregate Program

1963- (ilstalled December 19631

romp<:.R+ ack- Rt, R 2 (W to E)

Cement 0 Cycles, 1963 1.21 2814 414 570
Mix- epl - Factor Fae Cyce Cycles Cycles Cycles

Deam ture sent Fine Coase bags/ Veloc 16196=

KC-16-1 16 A Fly ash- Und E Limestone 6.25 100 14,535 100 104 105 104 98 106 104 10.- In
KC-16-2 F 6.27 100 14,705 100 104 105 105 95 103 105 -(J 114KC-16-3 6.26 100 14,62D 100 103 105 1,2 101 1oo io6 1oo i14

KC-17-1I B None end F Gravel B 6.00 loo14,l0 1 0 o08 78 92 65 38 F
1KC-17-2 6.02 100 14,535 100 103 109 74 82 F
XC-17-3 6.00 i00 14,125 100 103 110 !19%-. 77

1(-18-1 18 C None Sand G Qu mtzite 5.73 100 14,705 100 102 107 100 100 102 ii Io2 1l?
1(-18-2 5.7T 100 15,150 1GO 102 102 102 98 104 109 106 113
M-l8-3 5.74 100 15,060 100 102 100 104 98 104 108 104 115

12%8.973 
1388g755 909 102 13 38 :25

Cycles cycle., Cycles Cycles Cycles cycles
1968 9 1970 M91i 1972 1973-

KC-16-1 16 A Fly a Send E Limestone 6.25 104 1114 108 107 106 104 108 87 io04 95 I00 99
eC-16-2 F 6.27 107 110 109 105 109 100 107 814 105 88 107 93

KC-16-3 6.26 Z04 111 108 !05 1O6 101 Im 88 105 95 1 u .68

0Kc-18-i 18 C None 5M G Quatite 5.73 102 116 106 107 106 105 104 814 100 84 9p 80
30-18-2 5.771072109 104104 101021o6 85104 87 9-88
KC-18-3 5.7 !o4 log 106 99 11010 10 81 83 90 1oo 66

__ 1071
-  

Readings
1661 1776 !92 1999 211.6 2239
y cYles Cycles Cycles Cycles Cycles Cycles

Kc-16- 16 A Fly &SbSand E LUmesto 6.25 08 106 9 137 9, 79 90 98759 .75.1it
K3(-16-2 F 6.27 109 65 109 130105 100 10) ?00 131 106 in .t
KC-16-3 6.26 10. 68 101 425104 90 10. IM 150 NR 91 I

KC-18-i 1is C None Sand G Quazite 5.73 102 106 102 82 82 93 100 .01 NB NR F F
KC-18-2 5.77 6h 65 Failed
rZ-18-3 5.74 92 68 80 72 176 q Faled

* py ash contact, 25 percent replacement by voum.
SF denotexs pecimenl t(ax failed. obaniassein olntrspdtolxrayihtw

f IR denote, satisfactory- reading was notobandaspcmnvu4ntrpndo lx-Iirto.
tEnd of specief too raO~bto obta reading. Sy

2
data discontinued.



(Revised Aus,.t 1980)

TaIle 5-KcB Section 27

Mixture Data and Record of Testing of Concrete Beans K=nzas City District Aggregate Progr,
,

1969- (Installed May 1969)

AxoueRck, Fxw 2 (W togKAv-9~917 !eings
28-day Initial L oatoryCo~~re- Radigs.196 0 53 322 47

Mix-es Airn io Cycles Cycles Cycez Cycles
RMix- Air -Ive P919eBeam ture Batch Content Strength Veloc 1 __7_ 9 1_7_

No l. NZo No.* Aggregates psi _E fs

"C-19-! 19 1 C rushed lin estone . 9 3360 00 14, 2 0 0 0 1 10 0 93 97 68 D1 3 92

a-s/2-in. max

KC-9-2 19 2 Crtbed limestone 5.0 3360 1-. 14,620 1O0 1 10 90 96 87 N- 83 91
-- 1/2-In. max

KC-19-3 1-9 3 Crushe' limestone 4.7 36& 100 14.620 100 106 101 90 96 go 85 38 92 -
1-1/2-in. max

75619 1i-78 1013 1090 1237

Cycles Cycles Cycles Cycle. Cycles Cycles
1973 197!. 1-075 197t6 1977 1978

KC-19-1 19 1 Crushed limestone 4.9 3360 83 102 63 114 63 78 51 U!i 66 109 72 1381-1/2-in. max

-C-19-2 19 2 Crushed limestcne 5.0 3360 82 9482 h 79 77 74 10 79 10 5 51 59
1-1/2-in. max

KC-19-3 19 3 Crushed limestone 4.7 3610 13 1018613 139 2 116 60 105 P2 95
1-1/2-in. max

1979- -ea -gs
1330
Cycles_ 1979

KC-19-1 19 1 Crushed l--stone 4.9 336o 60 89

KC-19-2 19 2 Crushed linestone 5.0 3360 79 66
1-1/2-In, ax

KC-19-3 19 3 Crushed liwestone 4.7 364C 79 76
l-i/2-in.sa

* The wtler-csast ratio of all three batches was 5.39 p1/"g or 0.49 by weight.
Average bWed on cOmPressive strength of three 6- by 12-In. cylinders per. tatch.



(RvsdAuguzt. al0)

?able 6-MO Seetlocn 2'

IMire Data and RteLord of Testic, of Conerewc Beas. tas" City District. Aflreflte ?ronsnra

1975- (metalled July Ink1)

Ens Ae lck. Eci, 2 t- E)
_IAvr" 19h-11978 edIF

28-day Initial LbortcV" --2 256 335 4.5
Cocpres- Rteadints. !97.

Wx-Ai 3-e Puse Cy.-cs Cycles Cyclc CyLIe S
Hizsr AiiIY Lq,195 a6 191r: 19575

%=e Batch Co=tent Strength Veloc
30. o. soS.* ... 2& 3e % ps f; 2 SE n %Y

2
LB %E! E flSE n-2

K-20-l 20 1 Crushed limestone 5.0 3360 !0D 1L,265 100 302 23!; 1a !1? 1o6 109 z04 103

KC-20-2 20 2 Crushed limestone 5.L 3280 zoo 1h.370 10C 107 129 105107 1101 110 106
3-1/2-in. max

KC-20-3 20 3 Cruzbe limestone 5.3 326 100 --4.,e5 10 106 131 106 !15 213 202 13 0i
-1/2-i. max

575
Cycles

E li0- LI Cra iene 5.0 i4 5t405

Z I

'M was ter-ement ratio of all tbree batches uas 5.34 eal/et or 0.115 7 v..

soAerage based on ccmpessive strength of tkr- 6- t7 32-In. cylflen pe- tetob.

~ - le-



i -O(Revised August 1980)

STable 7-ICD Sectin 27
pMixtur Data and Record of Testing of Concrete Beas Kansas City District Aggregate Program

S1975- (Installed July 19741

Expsure Rack, Rov 2 (W to E)
AV 

1-- Readings

28day Initial Laboratory 112 258 335 8,
Coprs- Redi~s 17 Cycles Cycles Cycles Cycles

Mix- Air ive I ae

: MixtBeam ture Batch Content Strength Veloc aV2 a Ro oLf T ti of 
%Va P m2

: KC-21-1 21 1 Crushed l mestone 5. 0 6 w0 00 1,,95 00 lo p 13 4 106 111, 0 4 0 4 106 06

l1-1/2-in, max

KC-20-2 21 2 Crushed limestone 4.9 5150 In10 4.h620 100 101 132 107 1I 109 lo 06 105 106

! 1-1/2-in. max

|KC-21-3 21 3 Crushed limestone 5.1 49-, 14 I.535 100 102 139 106 116 106 105 121 l10Ex-s/2-onR 

max

,197 - Re ading s

.es Cycles

Mix Ai1i9 use17 9177 17

No o o grgte 'i j r V ~ ~ jZ ~ ~ %

KC-21-l 21 1 Crushed limestone 5.0 4600 94 IO
1-1/2-in. max

KC-20-2 21 2 Crushed limestone 4.9 5.50 1u 2 2 107

m1-1/2-jo. ax

KC-21-3 21 3 Crushed .imestone 5.1 
4930 121 105

I

9e The ater-cement ratio of all three bateser vas 5.28 gal/cwt or o.44 by t. - _+
Averae based on comprssive strength of '.,ee 6- by 12-in. eylllders per batch.

AW



(Revised August 1980)

Table 1-ED Section 28

Mixture Data and Record of Testing of Concrete Cubes, Eufaula Dam Aggregate Study

1958- (Installed October 1958)
Beach Roy 1 (W to K)

195U- 1965 Readings
ae e 150 220 301 451 557 692 855

Carse Aggregate Water- Theo 0 ,c Cycles Cycles Cycles Cycles Cycles Cycles Cycles; aiumCmnt Cont Ple1959 1960 1961 1962 1963 196 1965
Cube Size Descrip- Air Ratio Factor V.-loc 966

1 6 Poor 5.4 4.97 4.o ,1450O 100 95 101 96 10o i0 110 113

2 6 Random 5.9 4.85 4.0 14,650 100 95 100 100 104 107 110 107

3 3 Random 5.7 5.30 4.o 14,O75 100 95 103 99 102 108 ill L12

1966-1973 Readings
985 l4l 1326 A14o 1633 1802 1959 2099

Cycles Cycles Cycles Cycles Cycles Cycles Cy.les Cyclew
1966 1967 1968 1969 1970 1971 1972 1973

m 6 Poor 5.4 4.97 4.0 90 112 105 96 94 85 84

6 Random 5.9 L .85 4.o 92 107 110 99 94 89 82 a

3 3 Random 5.7 30 4.o 97 l14 109 100 96 97 95 *

Nf

19&4 Readinpgs2,
I

2235 2347 2193 2570 2617 2710
Cycles Cycles Cycles Cycles Cycles Cycles
1974, 1975 1976 1977 1978 1979

1 6 Poor 5.14 4.97 4.0 914 88 92 97 92 61

2 6 Random 5.9 4.o5 4.0 115 109 108 93 106 70

3 3 Random 5.7 5.30 4.0 109 99 96 93 103 71

A

6 Euipment inlfunctioned In 1973.

-3J

Aw1 zr



(Revised Augst 1980)

Table 1-MCP Section 3

lRecord of Testing of Box Specimens, Membrane Curing Program

199- - .(Installed June 196)

Codtion of Spcimn, l -~ ..
Curing 13 winters 14 winters 15 winters

Box East West Admixture Material Form ... 1959 1960 . 1961 ..
o. Corner Corner East West Cement East West Lining_ East West East West Eat West

I M W Resin None A Water Water T-and-G* Excel** Excel Ecel Excel Excel Excel

2 GVRCCW GVAH Resin + CC Resin + AH A Water Water T-and-G Excel Excel Ecel Excel Excel Excel
3 CC CC Resin soap CC A Water Water T-and-G Excel Ecel Excel Excel Excel Excel

+ CC
4 GJW Resin soap Resin soap A Water Water T-and-13 Excel Excel Excel Excel Excel Excel

- 5 AC None None B Air Air T-and-G Excel Excel Dccel Excel Excel &Ecel

= 6 CAC CWC None None B Air Water Lining A Excel Excel Eel Excel Excel Excel
' _:7 RAC RWC None None B Air Water Lining B Excel Excel Excel Excel Excel Excel

9 AH-3 A-Nn N B Air ArG T-and*O 6 Ec! Excel SE c Excel Excel Erxcel

10 B-8 B-2 Nonv None B KC7 T T -and-G Excel Ecel Excel Excel Excel Excel

1.2 B-25 B-23 None None B SF4.5W C845 Z-and-G Ecel Ecel Excel Excel Excel Ecel
12 B-24, B-29 None None B SF4,5 I A T-and-O Excel Excel Excel Excel Excel Excel

i -
-

13 B-17 B-28 None None B AFMT FENC T-and-O Ecel Excel Excel Excel Excel Excel
- 14 B-18 B-30 None None B A1C TM C99 T-eand-G Excel Excel Excel Excel Excel Ecel|

Condti o =, o l
16 Winters 17 Winters 16 Winters 1!; WinteG 20Wner Witr 25 Winters 26 Winters

Feet West East West East West Fast West East West East West East West East West

! 1 Excel Excel Exel Excel Excel Excel Excel Excel Excel ecal Excel Excel Excel Excel Excel Excel
2 Excel Excel Excel ecal Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
3 Excel Excel Excel Excel ecal Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

4 Excel ecal Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
5 - Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

6 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
!7 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

8 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel ecel Excel Excel Excel Excel
9 EclEcEclExcel Excel Excel Excel Excel Excel Excel Excel Excel Exce l Excel Excel Excel

10 EclEclExe xe xe EclEclEce xe xe xclEclEclExcel Excel Excel

10 Excel Excel Excel Excel Excel Excel Excel Excel Ecel Excel Excel Excel Excel Excel Excel Exel

]

3.2 Exce!l Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel
13 Excel Excel Excel Excel Excel Excel Excel Excel Excel ecal Excel Excel Excel Excel Excel Excel
14 Excel Excel Excel Excel Excel Excel Excel ecal Excel Excel Excel Excel Excel Excel Excel Excel

i. ~Condition of SpteM jns 13 7

27 Winters 28 Winters 29 Winters 30 Winters 3 nTer 32 Winters 33 Winters

est West East West East West East West East west East Vest East West

1 Excel Excel Excel Excel Excel Excel Excel Excel ecal Excel &Exel Excel Excel Excel
2 Excel Excel Excel Excel Excel Ecel &Ecel Excel ecal Excel Excel Excel Excel F-cel
3 Excel Excel Excel Excel Excel Excel Excel ecal ecal ecal Excel Excel Excel Excel
4 Excel Excel Excel Excel Excel Excel ecal Excel &Ecel Excel Excel Excel Excel Excel

-5 Excel Excel Excel Excel Excel xctl ecal ecal Excel ecal &Ecel Excel Excel Excel

ii6 Excel Excel Excel Excel Excel Excel ecal ecal Excel ecl Excel Excel Excel Excel i

7 Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel Excel

8 Excel Excel Excel Excel Excel Excel ecal Excel Excel Excel Excel Excel Excel Ecel

9 Excel Excel Excal Excel .Excel Excel Excel Excel Excel ecal Excel Excel Excel Excel
10 EL EL Excel EL Excel Excel Excel Ecel Ecel Ecel Excel Excel, Excel Excel

11 Excel Excel Excel Excel Excel Ecel Excel ecal ecal ecal Excel &.el Excel Excel
12 &xe! Excel Excel Excel ecal Excel Excel Excel Excel Excel &Ecel Excel Excel Excel

++13 Excel Excel Excel Excel ,Excel Wxel ecal ecal Excel Excel Excel Excel Excel Excel
24 Excel Excel Excel Excel Excel Excel Excel Ecel ecal Excel Excel Excel ecal Excel

*0Excel denote excellent.
+ 81. ck denotes slight crack. -:'
tt Condition of the specimens did not change from 1967 to 1971. +

E
FN



(Revised August 1980)

Table 2-QA Section 35

Record of Testing of Cubes Made for Quality Aggregate Investigation

1963 Installation (Installed December 1963)

Beach Rol A-i (w to E)
19b3-1969 ReadingsWater- O Cycles i31 Eai~

121 284 414 570 755 909
CeRent 1963 Cycles Cycles Cycles Cycles Cycles CyclesRatio Air Pulse

Cube (by Content Slump* Veloc 1964 1965 1966 1967 1968 1969

No. Date Made Coarse Aggregate WO %..I.... ina. fpsL.. %V %V2~L %iV... .1.. ..V2L. .. V2.. .. i..

q-l1 Aug 1962 Dolomite 0.5 4.8 1-1/2 15,565 100 1O2 119 117 88 89 73

Q-12 Aug 1962 Dolomite 0.8 4.9 1-1/2 14,870 100 112 110 122 51 Failed

q-13 July 1962 Natural gravel B 0.5 5.0 1-1/2 15,875 100 114 122 112 107 105 91

Q-14 Aug 1962 Natural gravel B 0.8 4.9 1-1/2 15,505 100 103 118 118 102 84 66

Q-15 Aug 1962 Gneiss 0.5 4.8 1-1/2 14,335 100 124 140 135 131 121 107

Q-16 Aug 1962 Gneiss 0.8 4.8 1-1/2 13,890 100 122 112 139 16 Failed

J 1970-1976 Readings

1062 1231 1311 1528 166h 1776 192Cycles Cycles Cycles Cycles Cycles Cycles Cycles f
1970 1971 1972 1973 197b 1975 1976 t

02 IV y2 %V2 %V2

Q-11 Aug 1962 Dolomite 0.5 4.8 I-l/ Failed

Q-13 July 1962 Natural gravel B 0.5 5.0 l-/9 81 80 90 tt 118 105 94

j ~Q-14 Aug 19620 Natural gravel B 0.8 4.9 1-lA2 t faile!d

Q-15 Aug 1962 Gneiss 0.5 4.8 1-l1 99 104- 11 tt 120 123 116

1977- Reading.
1999 2146 2239
cycles Cycles Cycles
1977 1978 1979

Q-13 July 1962 Natural gravel B 0.5 5.0 1-1/2 94 108 105

Q-15 Aug 1962 Gneiss 0.5 4.8 1-1/2 109 120 114

I

*Air content and slimp of that portion of the concrete containing aggregate sumler than 1-1/2 In. it size.
tA atisfactory reading could not be taken because of the conditiorn of the specimen.

t+ Eqiyfent malfunctioned In 1973. - .

~ ~ . -



4. (Revised August 1980)

Table 1-CAP (Continued) Section 37

Beach Row 2 (W to E)
Actua Max 1970-1975 Readings

Speci- Nominal Sand: Size 1062 1231 1388 1528 1664 1776
men Cement Aggre- Coarse Cycles Cycles Cycles Cycles Cycles Cycles
and Factor Replace- gate Aggre- 1970 1971 1972 1973 1974 1975
Mix bags/ ent Ratio gate
No. Date Made cu yd Material % in. %V2  %V2  %V2  %V2  %V2  yV2

2 Sept 1963 2.0 None 24 6 t Failed

4 Sept 1963 2.0 Fly ash 24 6 86 t Failed

5 Sept 1963 2.0 Shale 30 3 t Failed

6 Sept 1963 2.0 Shale 24 6 84 1 Failed

7 Sept 1963 2.5 None 30 3 104 76 104 t1 84 106

8 Sept 1963 2.5 None 23 6 87 NR 86 tt 1O4 94

9 Sept 1963 2.5 Fly ash 30 3 Failed

10 Sept 1963 2.5 Fly ash 23 6 80 NR 86 tt 38 Failed

i Oct 1963 2.5 Shale 30 3 88 NR 88 tt Failed

12 Oct 1963 2.5 Shale 23 6 83 20 84 tt 96 92

13 Oct 1963 3.0 None 29 3 100 NR 100 tt 116 113 [
14 Oct i963 3.0 None 22 6 89 34 91 tt 84 71

15 Oct 1963 3.0 Fly ash 29 3 91 90 109 tt 122 118

16 Oct 1963 3.0 Fly ash 22 6 89 74 94 tt 107 106

Oct 1963 3.0 Shale 29 3 95 72 99 tt 112 114

18 Oct 1963 3.0 Shale 22 6 91 80 102 * 108 108

1976- Readings
1922 1999 2146 2239
Cycles Cycles Cycles Cycles
1976 1977 1978 1979

2 2 %V2*
7 Sp 3 . Ne3 i

7 Sept 1963 2.5 None 30 3 Failed
8 Sept 1963 2.5 None 23 6 83 Failed

12 Oct 1963 2.5 Shale 23 6 67 Failed

13 Oct 1963 3.0 None 29 3 i01 95 103 106

14 Oct 1963 3.0 None 22 6 71 81 89 82

15 Oct 1963 3.0 Fly ash 29 3 115 103 106 84

16 Oct 1963 3.0 Fly ash 22 6 89 65 94 104

17 Oct 1963 3.0 Shale 29 3 86 47 86 88

18 Oct 1963 3.0 Shale 22 6 T7 59 100 86

t End of prism too rough to obtain satisfactory reading.
It Equipment malfunctioned in 1973.
NR Unable to obtain satisfactory reading, although an attempt was made to do so. (Sheet 3)

4 These specimens are spalling badly causing erratic readings.



(Issued August 1980)

Table I-&WC (Continued) Section 38

2036 2129Beach Rov A-1

Cement cycles Cycles
Priza Ty'pe Repliucement Water-Cement Ratio Factor 1918 1979
NO. Date Made Cement Material gala/bag by veight bagscu Yd 2 2

Mix 1.Rd 1 Feb 1964 1 None 6.8 o.6 2.93 96 37
Rd 2 Avg 196I. 11 None 6.8 0.6 2.93 108 76

Nix 2, Rd 1 may 1961' 1 None 7.9 0-7 2.51 81 79
Rd 2 July 961' 11 None 7.9 0.7 2.51 98 91

NMx 7.Rd 1 Mar .196' U1 Fly ash 6.1. o.6 2.93 91. 1R

Rd 2 Aug 1964 1 Fly ash 6.4. O.j 2.93 93 56

Z- -, 7 W
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- . (Revised August 1980)

Table I-CT (Continued) Section 39

Exosure Pack. Row 1
otpe II Other Re- 1167 Cycles 12141. Cycles 1391 Cycles 1484 Cycles

Portland placment
Priam Position Curing cement Other Cemnt Material . ... . .
No0. on Rack Condition % %E EA - L,, E ~ -~-A % ,2_

30021 10 1 100 (cement A) None None 99 999 98 96 97 80 83
101 01 3oo2292 71 101 95 89

42 109 91 105 70 101 82 1o5 nR40022 44 93 98 101 68 100 100 100 9850021 8 3 102 100 101 96 101 100 93 81
5002 31 108 102 .10 109 110 99 105 9860021 23 MR* 66 61 78 70 IR SR NR
602 3o 102 105 102 109 103 99 99 99

30421 40 1 100 (cement B) hone None 86 85 i01 24 103 80 55 62
30A22 20 91 93 95 99 98 185 91 1431401. 15 2 96 9 88 92 66 81 81 7540422 26 95 109 96 101 100 96 9650421 28 3 84 86 83 Broken Failed
50422 6 98 98 95 102 97 98 89 904604 35 4 71 44 62 Broken Failed
6o1422 3.1 113 66100o 89 97 86 91 75

325s1 18 1 75 (cem A) None 25 97 75 96 75 96 38 82 I325S2 1 (calcined 108 104 106 83 103 74 119 8845sI 142 2 shale 119 26 xR 101 Failed
100 38 100 89 100 Broken - 91 NR 4752551 51 3 25 Broken 61 ER Broken Failed

525S2 12 (shale) 116 96 10108 1O 106 106 9, V4625S1 27 14 75 NR 88 o9 104 R ER E625s2 13 101 96 113 98 111 75 126 83

335MI 3 1 65 (cement A) 35 (nat None 110 82 8 72 82 5 68 SR
33552 214 cement) 97 9490o 86 89 85 89 85435MI 50 2 108 98 94 79 95 82 88 78
435pe 9 100 101 102 94 103 914 100 9o53511 55 3 128 50 120 Broken Failed53552 39 124 ER 118 101 Failed
6351 4 4 Broken Broken Failed
63552 7 109 98 89 70 89 51

325n1 53 1 75 (cement A) None 25 101 81 90 81 93 95 86 353 45 (fly ah) 106 97105 100 106 99 100 91
425P. 56 2 8 96 80 95 80 81 75 80425F2 25 116 99 112 96 113 91 108 100
525FI 17 3 112 103 104 105 105 102 102 101525F2 29 107 1o 1o4 80 10T 90 101 ER6257 33 4 100 95 97 87 98 85 90 81625F2 3 1214 107 I10 60 1O5 101 103 IR

3FSI 41 1 None 100 None 95 IR 69 84 76 sM N
3XI2 19 (P'ortland 96 9496 93 97 90 89 384BvSI 52 2 blast- 110 68 107 59 77 ER I R14S 2 1 fxunace 11o 92 99 90 102 9o 94 81-!M3! 16 3 slg 99 7 8 68 82 R ER

5A10 69 100nt 93 100 5Boen Fie

6EM 5 97 41 71 Broken Failed
6B,'s 37 n..o 73 1.o9 97 Failed

35I 22 1 65 (ceen A) None 35 102 w7 ]01 104 105 96 98 InR

43n 4 2 97 93 93 90 86 87 83435F2 48le 83 94 8 9 89 .121 ER535F1 47 3 n 88 79 79 91 70 83
535F2 314 125 ER 123 9? Failed635p;1 32 4 107 91 101 92 101 73 85 816357 43 120 89 w1 69 1o7 51 94 ER

9, MR meas no reading vs obtained.(Sot3
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